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ABSTRACT 
f-,pi; . r F-'- J. 
Serum Alpha-Tocopherol, \Qholesterol and Total Lipid Values 
, 
., 1' , ' "" 
and Unsaturation of Lipi~ in 33- to ~0-Year Old 
Adults of Self-Selected Diets at Different 
Levels of Polyunsaturated Fat 
by 
Marjorie Miner Christiansen, Doctor of Philosophy 
Utah State University, 1967 
Major Professor: Dr. Etbelwyn B. Wilcox 
Departmen t : Nutritio n and Biochemistry 
f, r-"' I
The levels and weekly variations of certain lipid components were 
investigated in healthy adults, 33 to 60 years of age, on self-selected diets 
under home-li ving conditions with and without an increased proportion of 
polyunsaturated fats for a period of 26 weeks. Ten individuals served as 
controls and 16 were assigned to the experimental diet. Each of the gro ups 
contained an equal number of men imd women. The experimental diet pro-
vided a ratio of polyunsaturated to saturated fatty acids of approximately one, 
with the substitution of vegetable oils for animal fats within the normal 
eating patterns of the participants. The control subjects made no dietary 
changes. 
Dietary intakes were calculated from re cords reported 
by the subjects for two days each week, using a food composition table 
constructed from all available sources of material. The amount of calories 
as fat was approximately 38 percent for all subjects. 
>-, ,,i r~ I 
Analyses to determine the alpha-tocopherol, ~olesterol and 'total 
.>,,- . ' 
lipid values, unsaturation of the lipid :J and l!rythrocyte hemolysls were ~ 
1,)/ 
performed on blood collected by flnger-tlp puncture before breakfast weekly ~ 
Serum alpha-tocopherol and cholesterol values were within normal 
limits at the start of the study. Initial alpha-tocopberol levels for men and 
women were approximately the same (mean O. 52 mg per 100 ml). ) Cholesterol 
values for women were higher than those for men (201 and 174 mg per 100 
ml, respectively), Total Hplds were higher in men than in women (767 and 
685 per 100 ml, respectively). 
The experimental diet, consisting of highly unsaturated fats, 
commerc ially -available, Increased the serum tocopherol slightly decreased 
the serum total lipids slightly, but had no significant effect upon tbe serum 
cholesterol despite a significant increase in the dietary P:S ratio and a 
significant decrease in dietary cholesterol. Erythrocyte hemolysis did not 
increase In the experimental subjects. No linear relationship was found be -
tween serum alpha-tocopherol and erythrocyte hemolysis. The dietary vitamin 
E: polyunsaturated fatty acid ratio decreased in the experimental group but 
increased in the control group, the differente ,:between the means beiig signifi-
cant. No r elationship was found between levels of serum cholesterol and serum 
tocopherol. Unsaturation of the lipids increased for all subjects, the increase 
being significant with time but not with the diet. 
Wide variations in tocopherol and cholesterol were found In sera 
from the same individual. Increased serum cholesterol levels appeared to 
coincide with stress or anticipation of stressful situations in several of the 
subjects. 
(142 pages) 
INTRODUCTION 
Many r es earch studi es indic a te that blood levels of a lpl~- tocopherol 
may va ry gre a tly among individual s, yet be wWiin the r ange of values now 
considered normal. Some workers have found atendency for alpha - t.ocopherol 
level s to increase with age , while ot.hers report a decrease , Use of newer 
a naly tical methods gives alpha-tocopherol vaJues which are lower than those 
previou sly reported as being within the norm al range. This suggests that the 
finding'S in some of the earlier t•eports should be considered wi th less confi-
dence . 
Analysis of adipose tissue for tocopherol content . gives a reli a ble 
index of vi tamin 8 nutriture. To eva lua te vitamin E status in man, however, 
the alph - tocophcrol in scrum provides a convenient and acceptable measure 
which ca n be made in most laboratories. 
Vi tarn.in E occurs naturally as d -a lpha-tocopherol in most common 
oils . Increased consumption of commerciall y avallable oils which are high 
in polyuns aturated fats thus automatically inc1·eases the intake of alph -
tocopherol. Vegatal,le oils that have been st.ripped of their na tural con ten~ 
of t.ocopherol have been found to increase toe individual's requirement for 
the vitamin and to accelerate the depletfon of vitamin E in the tissues. Hor-
wil1..'s s tudies (lllfi2) showed that the requirement for vitamin E is a function 
of the a mount of pe roxidi za ble lipids in the diet. 
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While studies have been made of s erum cholesterol level s in groups 
of people who are vegetarians using vegetable oils as the principal sources 
of fat , t.ocophcrol levels were not often included in the analyses. Studies 
which have been done with humans have been carried out under institutional 
conditions with high unsaturated fat diet s in order to stud y the chole s terol -
lowering effect of the diets and any effects the diets might have on tocophcrol 
levels (Christal<is et al. , 196:l: Dayton et al. , 1965). Hesults indicated 
that t.ocopherol values remained within the no·rmal range, and that the diets 
were effective in lowering serum cholesterol levels significantly and in 
maintaining the decreased cholesterol levels . 
The American Heart Association has recommended re a sonable eub-
stil.ui.ion of polyunsatul'ated ror saturated fats as a possible me ans or pre-
venting atherosclerosis and decreasing 1,he risk of ti.earl. attack s and strokes. 
A major purpose or the dietary recommendation was t.orcduce the levels of 
cholesterol and other fatty substances in the blood. The Council on Foods 
and Nutrition of the American Medical Association has stated that although 
an association between low serum cholesterol values and low mortatility 
rat.es fo1· atherosclerotic heart disease has been shown , a direct causal 
relationship has no 1, yet been proved. Therefore, t.here is not sufficient 
information available at the present time 1.0 warrant a change in the American 
diet aimed at preventing heart disease in the general population . 
Diets designed to lower cholesterol concen~ration have been fow1d 
in some instances , to produce a rise in scrum tl'iglycerides. Tile evidence 
suggests th,1t the level of serum trigl ycerides may bE' a better index of ca.rdio-
vascular disease than the serum cholesterol. 
3 
Mos\ authorities agree that it is not advisable to suggest any major 
change ln t.he dietary pattern of the average person although it may be wise 
to select, were possible, fats high in polyunsaturates in place of those that 
are more saturat<..'<I. Most work has shown that adding or simply substituting 
small amounts of polyun.saturates cannot be expected to reduce blood choles-
terol under normal diet.ary conditions. To bring about a significant reduction 
more drastic changes arc necessary such as complete replacement. of all 
cooking and table fats by oil high in polyunsaturates. On the other hand, 
the possibility cannot be ignored that an appreciable increase in the con-
s umption of such oils, whether as supplemental or replacement fat, could 
result in gradual depletion and eventual deficiency of vitamin E. Do these 
oils carry sufficient vitamin E to maintain or change scrum locopherol 
levels? WhaL happens to the serum cholesterol and t.otal lipid levels when 
individuals follow a self-selected diet high in polyunsaturated fat under home 
living conditions? Informallon concerning lhe relationship between these 
effects should be of great interest. 
:REVIEW OF LITERATURE 
Tocopherol 
Normal tocopherol values in various 
age groups 
Many research studies indicate tha t levels of alpha-tocopherol 
show wide variation between individuals, yet are within the range of 
values considered normal. Studies on the tocopherol concenLration in 
different tissues of the body show that values vary over a wide range. 
Analyzing tissues obtained at necropsy, Oju et al. (1958) found the high-
est concentrations in the adrenals and adipose tissue (13. 2 and 10. 4 mg 
4 
per 100 ml, respectively), alx>ut one-third as high in the pituitary and testis 
(4. 0 mg per loo ml), with tJie rest of I.he tissues averaging about 0. 95 mg 
per 100 ml. When expressed in terms of milligrams tocophe1-ol per gram 
of fat, tocopherol was nigher in t.l1e pituitary than in any other tissue, wiLh 
the testis r anking second, the adrenals third, and adipose tissue the lowest 
of all. The high levels of tocopherol in the ~stis and adrenals seem to in-
dicate an important role in the synthesis of steroids, butt.be even higher 
concentration in Lhe pituitary suggests Lhat tocopherol is import.ant in 
activities of secretory cells othe1' r,han those related to steroid production. 
Adipose tissue cannot be rebtarded as a storage depot for the vJtamin in the 
same se nse that liver functions for vltamin A since the actual concentration 
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of t.ocopherol in the cell lipids is less tJ1an in other tissues. The large amount 
of fatty tissues in the body , however , holds the major porfjon of the tocopherol 
-- more than 75 percent in the normal female and more taan 50 perce nt in the 
male (Quaife and Dju , 1949). 
The amount of tocopherol stored in adipose tissue increases up to a 
maximum at about age 50 years, after which a decllne occurs. At more ad-
vanced ages tocopherol levels approach those observed at birth (Dju et. al . , 
1958; Kirk , 1962). Other workers found no relationship of tissue tocophcrol 
to age (Hetling and Drury, 1965). Data available indicate that the variable 
patte ·rn in tocopherol content of human Ussues is largely a reOection of 
varia!.ion in dietary intake and absorpUon of tocophcrol. 
The tocopherol content of adipose tissue may be a more reliable 
index of vitamin E status than that of other tissues because of the slow turn-
oveJ' of the lipid (Mason, 1954). Blood levels represent the interplay of 
many factors and are not necessarily indicative of the tocopherol status o( the 
individual as a whole. They do, however, constiwte the most widely used 
criterion for evaluating vitamin E nutriture in man. 
The levels of tocopherol in I.he blood of healthy adults have been 
reported as l'alling within the range 1. O r.o L 3 mg per l 00 ml by several 
investigators . No consistent sex difference were noted. The mean values 
for tocopherol representative studies are shown in Table 1. Leitner ct al. 
(1960) found some differences in cert.ain age groups. The means for iodi-
viduals under 30 and over 69 years were higher for women than for men . 
Between these extremes , the means for men were higher than or I.he same 
G 
as those for women. This compares with the reversal of the sex relat ion-
s hip found with other serum lipids. Ci1olesterol and phospholipids have been 
found to be higher for females up to a pproxim ately age 27 years followed 
by changes to higher levels for males. A furLher reversal occurs as age 
50 years a pproaches. 
Table 1. Mean vaues for tocopherol in the blood of normal human subjects 
found in various investigations 
Number of subjects 
7 8 men, incl. old 
110 women, incl. old 
1575 pregnant women 
47 adults 
343 men 
240 women 
Tocophcrol 
mg/100 ml 
0.92 
1. 01 
0. 89 -1.40a 
LO -1.2 
l. 05 
1. 06 
a According to stage of pregnancy . 
Reference 
Chieffi and Kirk, 195 ! 
Chicffi and Kirk , 1951 
Fergu son 1955 
Dju et al. , 1958 
Leitner et al. , 1960 
Leitner et al. , 1960 
Plasma locopherol values have been found to average 0. 23 1.0 O. 43 
mg per 100 ml at birth (Dju et al. , 1958; Goldbloom, 1963). During the first 
decade of life a 2- to 3-fold increase occurs a nd adult levels are attained. 
Human milk ave rages about 3 t.imcs a.s high in iocophcrol as cow's milk, 
which is rel a tively low in tocopherol. Blood tocopherol values of breast-fed 
infants often re a ch adult levels by the sixth day while those of bottle - fed 
bitbics re main near birth levels until about 8 months of age (Harris , 1962). 
F'erguson et a l. , (1955) found that during preb'll aocy t.ocopherol levels 
incre ased from 0. 89 per 100 ml during the first trimester to 1. 40 mg per 
100 mJ at :l9 weeks or later. 
Most of the information has been based on widely used older 
anal y tical methods which me as ure total reducing substances Jn the blood, 
thought t.o be mostly tocopherol but containing some non-tocopherol material 
as well (Quaife a nd Har ris , 1944: Quaife and Biehler , 1945 ; Quaife et al., 
1949). Newe r ann.lytical teclmiques speci fie for alpha-tocopherol have given 
values considerably lower (Dayt.on et al., 1965: Herting and Drury, 1965; 
Bieri , 1965). By the more specific methods plasma alpha - tocopherol values 
in healthy adults have been found t.o be 0. 35 mg per 100 ml. Table 2 shows 
a comp aris on of the val ues ob1ained by the two methods on the same or comparab le 
scrum samples. 
Table 2. <.:omparison of alpha-tocopherol values of bl0-0d obtained 
in two methods of analysis 
Tocopherol mg / 100 ml 
Investiga(.or Direc t method Specific method 
1. 174 1. 150 Bieri et al. , 1964 
l. 165 0.916 Bieri , 19<l5 
1. 25 0.38 Dayton et al. , 1965 
o. 758 0.435 Herting and Orury, 1965 
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ll'leasures of vitamin E status 
Deficiency of a fat-solua.ble vita.min rarely appears as a I.rue clinical syndrome 
in adult ma o. States of suboptimal nul.rition with respect t.o such vitamins . how-
ever, are recognized (Mason , 1954). Tocopherol stores are evidently deple-
ted ver y slowly when intake is restricted, so the observation period must 
be prolonged. Prematurely -born infanl.s have been found to thrive for pro-
tr acted periods which are "tocopherol-free". On the other hand, establishment 
of normal blood levels requires an intake of about 3 milligrams a day (Gold-
bloom , 1963). In adults a period of several years may be required for the develop-
ment of evidence of tocopherol deficiency (Horwitt, 1960, 1962). Biochemical 
changes cha racteristic of experimental avitaminosis E do appear more quickly. 
Among these changes are: reduced serum tocopherol, creatinuris and in-
cre a sed susceptibility of eryt hrocyte to hemolysis by hydrogen peroxide. The 
cry thl'Ocyte hemol ysis test has proved to be a sij.nply performed index of 
deficiency of either tocopherol intake or absorption (Gordon and Nitowsky, 
195G; Horwit t et al. , 1961). 
E:ryl.hroc vte hemolysis t.est 
The susceptibility of red blood cells to hemolysis by hydrogen peroxide 
increase s as the serum tocopherol levels fall to 0. 50 mg per 100 ml or 
l ess (Horwitt, 1962). Earlier studies (Gordon and Nit.owsky, 1956) showed 
tha.t the red blood c ells of adults showed less ~han 10 percent heroolysis 
when the scr um tocopherol was above 0. 50 mg per 100 ml. However. results 
obtained by specific chromatographic methods, have shown an eryt hrocyte 
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hemolysis range of only O t.o 3 percent in spite of serum r.ocopherol levels 
as low as o. 136 mg per 100 ml (Her ting and Drury, 1965). These findings in-
dicate the need for a s ignific ant revision of current "standards " for serum 
toeopherol values .. 
Creat.inuria related to vitamin 8 depleUon 
The amount of creaUnine excrett.'<l in the urine of normal persons 
is nearly constant from day t.o day for a given individual. Creatine occurs 
in very small amounts in the urine of normal adults but is increased in 
cases of fasting and malnutrition, and in disorders associaled with dis-
integration of muscle tissue. The presence of readily detectable amounts 
of creatine in the urin is termed creatinuria. If the ratio of creatine to 
creatinine exceeds 0. 1, creat.inuria is considered to be present (Seidel 
and Harper, 19(i0) . The crea.tinuria that accompanies the reversible muscular 
disorders characteristic of vitamin E deficiency in other species may have 
a clinical counter part ln man . hl muscular dystrophies, whether spon-
taneous as in man , or induced in animals by vitamin E deficiency, the urinary 
excretion of creatine is greaUy increased (Oser, 1965). The ratio of creatine 
to creatinine excreted in the urine is a useful indication in evaluating the 
degree of muscle disintegration. ln dystrophic patients, the degree of 
crcatiouria becomes increased markedly, with no change io creatinine (Harris 
a.nd Mason, 1956). Vitamin E therapy has inhibited creatinuria in infants with 
cystjc fibrosis of the pancreas a.ad biliary atrcsia, and in adults with xantllOmatous 
bllia:ry cirrhosis (Woodruff, 1956; Goldbloom, 1963). Although the muscular 
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dystrophy found in many species of laboJ'atory and farm animals can be pre-
vented by the administration of alpha-t.ocopherol or certain of its oxidation 
products, in the case of human dystrophy alpha - tocopherol has been in-
e ffective , showing no change in lhe excreUon of creatinc {Harris and Mason, 
1956) . 
Dietary intakes of tocopherol and 
the vHamin E: P lJFA ratio 
To establish whether suboptimal levels or marked deficiency of 
vitamin E occur in man there must be acquisition of many data on the vitamin 
E status of normal individuals and of others where status might be considered 
s uboptimal on the basis of dietary habits. The vitamin E requirement is 
thought to vary with the polyunsaturated fatty acid (PUFA) content of the 
tissue lipids (Century and Horwitt , 1960), but past dietary habits which have 
affected tissue composition must be taken into consideration in evaluating 
the need for tocophe rol. Most of the natural sources of polyunsaturated 
fats contain natural antioxidants in proportion to the level of linoleic acid 
present (Herting and Drury, 1963). Commercial treatment, storage or 
cooking , however, may destroy this relationship (Horwitt, 1962; Bunnell 
et al., 1965). VHamin E occurs naturally as d-alpha-tocopherol in most 
common oils . Increased consumption of commercially available oils which 
are high in 1>0lyunsaturatcs thus automatically increases the intake of 
alpha-tocopherol. Vegetable oils that have been stripped of their normal 
content of tocopherol have been found t.o accelerate the depletion of vitamin 
E in the tissues and increase the individual's requirement for the vitamin 
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(Horwitt, l962 ; Waylcr an d Klein, 1965). Horwitt's studies showed that the 
requirement for vita min E is a functjon of t.he amount of peroxidizable lipids 
in th.e di et . Per oxid ati on of body fats is found experimentall y when highly 
unsaturated fat is fed with a relative deficiency of vitamin E (Barnes , 19(;3). 
Harr ls and Embree (1963) , in an analysis of the major classes of 
foods as used in the common dietary patterns of this country, estimated 
the daily intake of alp ha- tocopherol and polyunsatura ted fatty acids at 
14. 9 mg and 24. 2 gm, res pectively. They set O. 6 as an adequate vitamin 
E·PUFA rati o. Controlled diet studies with humans confirm that ratios 
lower than 0. 6 induce vita min E deficiency. This critical ratio may be inter-
pr eted in terms of food fats. Beef is low in tocophe r ol and in PUFA, with 
a 0. 7 ratio . Other fats have the following ratios: corn oil 0. l; soybean 
oll 0. 2; peanut oil 0. 4. Such oils might be expected t.o accen tuate vitamin E 
deficiency i·a ther than relieve it. Harris and Embree conclude that diets 
havi ng a ratio of less than 0. 6 are probably vitamin E deficient. If total 
fat a nd PUFA intakes are quite low, however, such diets may not produce 
serious deficiency symptoms for months or even years. With a constant 
tocopherol intake, plasma tocopherol concentration decreases with each 
increase in linoleic ac id content of t.hc diet (Horwitt et al., 1961). The 
over-aJI balance of alpha-tocopherol and polyunsatura ted fatty acids in a 
diet will obviously be determined byall the dietary components. If refined 
vegetable oils such a.s corn, safflower, and soybean do contain sufficient 
vi tamin E to counter-balance the effect of the polyunsaturated fatty acjds 
there will be no deficit of the vitamin. 
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Buoooll et al. (1965), using analytical techniques not available 
with the earlier studies, estimated the average intake of alpha.- tocoph erol 
to be about half that of Harris and Embree (7. 4 mg per day). In addttton to 
using improved methods, the latter group analyzed foods as eat en r a thLr 
than fresh, uncooked foods. Their data revealed that the most importan t 
sources of vitamin E are vegetable oils and foods containing sign lfican t 
amounts of vegetable oil or shortening. The actual amount of alpha-toco-
phei·ol supplied appears to be dependent on the p1·ocessing and storage to 
which the food is subjected before eating. Ordinary cooking processes do 
not involve ve1•y large losses of the vitamin. The most significant loss e s 
occur during the storage of foods which have been cooked in vegetable oils. 
Although little loss occurs during deep fat frying in fresh oil, oxidation of 
the tocopherol occurs during holding of the fried food at room temperatur e . 
or even at freezer temperature. 
In only a few studies of humans during prolonged feeding of un-
saturated fats has the vitamin E status been determined (Horwitt , 1960; 
Christakis et al . , 1963 ; Kinsell et al. , 1964; Dayton et al. , lf)65). Horwitt 
has t·eported induction of a mild vitamin E deficiency state, indicated by 
increased susecptibili ty of erythrocytes to peroxide hcmolysis and fot·mation 
of abnormal fat oxidation products in the body, by feeding large amounts of 
highly unsaturated fats tb.at had been stripped of their tocophcrol content . 
It does not necessarily follow that similar results would be obtained with 
the use of commercia l oils which contain substantial amounts of alpha-
tocopherol. Christakis has reported that 700 subjects maintained on a diet 
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r el a tively high in linoleic acid for periods of up t.o 50 months showed serum 
tocopherol values within normal limits. Kinsell recounted the data on a dia -
betic patient who had received very high polyunsaturated fa.tty acid int.akes 
for many years and who showed a marked elevation of adipose tissue linoleic 
acid, but woo showed no suggestion, clinical or laboratory evidence, of 
vitamin E depletion. 
In ano ther long -term study (Dayton et al. , 19(;5) plasma 1.ocopherol 
concentration and erythrocyte susceptibility to peroxide hemolysis were 
meas,ired in elderly men on a diet high ln vegetable oils for as long as four 
years and in control subjects on a <.'Onventional diet. Plasma alpha-tocopherol 
concentrations or experimental subJectswere twice as high as those of the 
con trols. Susceptibility to hemolysis was decreas ed in the experime ntal i;,Toup. 
This decreased susceptibility r.o hemolysis was also observed in subjects who 
had returned to a conventional diet after having been on the experimental diet 
for periods of 9 t.o 21 months. 
Cholesterol and Total Lipids 
Cholesterol and polyuosaturated fats 
The incidence of hea rt attacks has been found to be three to four 
times as great in persons with hypercholeste rolemia as in those with normal 
cholesterol values. Data from multiple sources have demonstrated that the 
upper limit of normal should be se t at. 200 to 210 mg cholesterol per 100 
ml serum . Values of 250 mg or greater are now co1isidered as abnormally 
high, those in the range 200 to 249 a.s borderline. Hypercholesterolemia is 
firmly established as one of I.he risk factors associated with I.he "coronary 
proneness concept". It is also one of the abnormalities associated with 
coronary proneness that is amenable to treatment by nutritional means 
(Stamler et al. , 1966). 
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The polyunsaturated Iat~y acids are of particular interest at present, 
since their cholesterol-lowering effect has been demonstrated. It. has been 
shown that the cholesterol-raising effect of 1 gram of a saturated fat can be 
offset by 2 grams of a high-linolcic acid oil. Thus, the removal of 1 gram 
of butterfat. from the dieL has about the same cholesterol-lowering effect as 
the addition of 2 grams of polyunsaturated fatty a.cid (Joliffe et al., 1959). 
The monounsaturated fatty acids, such as oleic, ha.ve no effect on cholesterol 
levels. If the fat in the diet is made up predominantly of saturated fatty acids, 
there has been found to be a. relative o·r absolute increase in plasma cholesterol 
and in some of the other lipids as well. Unsaturated fat has the opposite 
effect. Butterfat cont.ains a la1•ge amount of cholesterol as well as saturated 
fat. Coconut oil contains no cholesterol but is highly saturated. l3oth have 
been found to ine1•ease senun cholesterol. Thls would appear to demonstrate 
that satura.tcd fatty acids a:re, f.o a major degree, responsible for the hyper-
cholesterolemic effect of the diet rather 1,han the dietary cholesterol, although the 
dietary cholesterol.is not totally unimportant (Kinsel! et al.. 1.9£14). 
Data on dle~ studies Jn which the major modification was substitution 
of unsaturated fol' saturated fat demonstrate that the drop in serum 
cholesterol is related to tlle regulation of the degree of unsaturation of the 
fat r a ther than the amount. The scrum chole s terol - lowerlng effect of the 
modified diet in institutionalized men eating c afeteria sty le was smaller 
tha n the changes observed in ri!,'Otousl y -controllcd subjects on formul a 
diets containing corn oil as the sole fat., but somewh at larger than changes 
reported in Cree-living individuals eating modiOed diets at home (Dayton 
et a l. , 19G5). 
The polyunsaturated: saturated fatty acid ratio 
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The ratio of polyunsaturated fatty ac ids to saturated fatty acids in 
the diet is expressed as the P:S ratio. Experimentall y P:S ratios have 
ranged from 0. 1 to 3. 0. The "Pruden t Die t" (Joliffe eta!, 1959; Christ.a.kis 
et. al., 1963; James and Chrlstakis, 1966) was designed as a serum choles -
terol - lowering diet and features P :S:ratios of 2. 5 to 3. Other fat-controlled 
diet plans strive for a balance between polyunsaturated and saturated fats 
(P:S ratio of approximately 1. 0). 
In principle, modification of a diet to decrease total fat content 
and increase the proportion of polyunsaturated fat is sJmple. The im-
portant changes consist of using vegetable oils in place of solid fats in 
cooking , and avoiding foods containing large amounts of animal fat. 
In practice, this modification is not simple and I.he dieter may rcquii·e 
considerable inst-ruction in food selection and preparation. Proper 
foods for fat-controlled diets need to be chosen with a knowledge not only 
of the amo unt of fat they contain but also their lat composition. It is not 
worth while for a person to attempt to follow a low -saturated fat diet if he 
does not understand the essential requirement. Full benefits will not be 
derived from h.is efforts, even though they may materially change his !iv -
ing habits . He will fail while really trying (Br own and Farrand, 1966). 
Dietary cholesterol in relation to 
serum cholesterol 
Dietary cholesterol bas been thought to be a minor factor affecting 
serum cholesterol levels as compared to the nature of dietary fatty acids. 
The fortunate fact is that a diet which contains predominantly unsaturated 
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fat has had the dietary cholesterol automatically reduced because the choles-
terol rides along for the most part with saturated fats in food products. 
Two studies appear to challenge the concept that the degree of 
saturation of dietary fats is the chief regulator of cholesterol in r.he blood 
and that dietary cholesterol is o flittle effect (Erickson et al. , J 964 ; Connor 
et al. , 1964). Erlckson and co-workers compared va1·ious blends of long 
chain sau.irated and polyunsaturated fatty acids and the inleract.ion which 
miglit result when egg yolk cholesterol was added to or removed from the 
diet. The cholesterol values wh.ich were obtained du1·ing the feeding of partial-
ly hydrogenated fats were not significantly differenl from values obtained 
when polyunsaturated fats were given. Further reduction of the P:S ·ratio 
by the addition of cocoa butter produced no significant effect. Additfon of 
egg yolk cholesterol significantly increased the concentration of serum 
cholesterol, regardless of lhe type of fat provided in the dlel. Thus, 
the scrum cholesterol response appeared to be dependent solely upon the 
presence or absence of egg yolk cholesterol in the diet , irrespective or 
the P :S ratio. Similar findings were reported by Klnsell et al. (1964). 
whose studies showed that some factor present in egg yolk appeared to be 
hypercholesterolemic. 
Connor's group (191$4) designed their experiment t;o compare 
the degree of saturation or unsaturation of fat.s and to observe any inter-
action which might occur when cholesterol was added to or removed from 
the diet. The results indicated that diet.ary cholesterol exerted a highly 
significant influence upon serum cholesterol concentrations, irrespective 
of the level or sat1Jration of fats in the diet. 
The apparent contradictions between the well - eatablished concept 
that saturated fats in the diet tend to produce hypercbolesterolemia and the 
results of these two studies only serve to indicate that the actual values 
for lipids undoubtedly represent the interaction between many factors, 
that there is no simple solution, and that any investig'ation may differ 
in small but highly important ways from a similar investigation conducted 
by others at a different time and place. 
Total lipids and polyunsaturated rats 
Substit1Jtion of unsaturated for saturated fat in increasing amounts 
bas been round to cause a decrease of plasma lipids to a major degree. 
The efiect has been found t.o occur in mixed diets as well as in metabolic 
ward studies (Kinsell et al. , 1964). The normal range for total lipids in 
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adult serum is given variously as 450 t.o 550 mg per 100 ml (Frankel and 
Reitman, 1963), and 500 to 950 mg per 100 ml (Keele and Neil, 1961; 
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Boyle et al. , 1962). The blood fraction measured as "total lipid" includes 
all the materials extracted by ethanol~ther or methanol-chloroform and 
soluble in petroleum ether. It is a variable mixture of loosely related com-
pounds, including cholesterol, both free and csterifiecl, triglycerides, 
and free fatty acids. The total lipid fraction is elevated in conditions 
in which there are increases in the cholesterol or triglycerides or both. 
Extremely high fasting values are found in familial or idiopathic hyper-
lipemia. 
Dayton et al. (1966) found that a change in total lipids accompanied 
the cliangc in cholesterol associated with the high-unsaturated fat diet. In 
the experimental subject..s there was a drop to a low value at 4 months, which 
was approximately 10 percent below the starting level. The values for the 
control subjects were unchanged. Both control and experimental subjects 
showed a slight rise in total lipids over the next 12 mon~hs, followed by a 
slow but continuous drop during the next 40 months. The parallel change in 
total lipids, and in cholesterol as well, suggests that the later changes were 
due to some factor other than the known dietary variables. The difference 
between the control group and ~he experimental group (over-all mean difference 
for t.ot.al lipids, 6. 8 percent, for serum cholesterol 14. 0) is assumed by the 
authors to reflect the net influence of the experimental diet. 
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The mechanJsm by which polyunsaturated fats exert this hypolipemlc 
effect is by no means clear. Four possibilities exist. The polyunsaturated 
fats ; 1) decreas e ch olest ero l sy nthesis; 2) increase the rate of excretion of 
cholesterol or its metabolites , or both; 3) cause a shift of plasma cholesterol 
to some other tissues; or 4) act through some combination of these factors 
(Spril.z, Ahrens, and Grudny, 1965). 
Weight status and serum lipid changes 
To determine the effect of the weight status or the individual on 
the capacity of unsaturated fats to :reduce serum cholesterol. obese subjects 
and those of normal weight were compared (James and Christakis, 1966). 
The usual weight of each individual was maintained in order to ascertain 
the effects or diet on serum cholesterol apart from the caloric intake. 
With the use of the Prudent Diet the serum cholesterol of both groups fell 
to the same degree and at the s ame rate, indicating that I.he diet was 
effective and independent of the caloric intake. The obese subjects were 
then placed on a reduction diet having a P:S ratio half that of the regular 
experimental diet (1. 25 to 1. 5). Serum cholesterol levels of the obese 
dropped four times more rapidl y than those of the normal weight individuals. 
A similar fall in se ·rum cholesterol associated with weight loss was 
found by Galbraith , Connor , and Stone t9(J6). but with a diet having a much 
lower P:S ratio. These authors conclude that the negative caloric balance 
had a grea .ter inJluence upon se ·rum lipid levels than did I.he cholesterol or 
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polyunsaturated fat content of the diet. When body weight remains constant , 
serum cholesterol levels adjust up and down with increase and decrease of 
the amount of fat in the diet. 
Cholesterol and tocopherol 
Reports concerning relations between vitamin E and various phases 
of cholesterol metabolism are relatively few and are controversial in nature. 
'fhe action of vitamin E in the mainte nance of normal cholesterol levels 
in skeletal muscle in experimental animals (rabbits, guinea pigs, and rats) 
is well substantiated. An elevation of t.he cholesterol levels in skelet.al 
muscle has been observed in vitamin E deficient animals. An elevated plasma 
cholesterol has been reported also in vitamin JI-deficient rabbits and guinea 
pigs (Alfin-Slater, 1960). The activity which alpha-tocopherol exerts 
on tissue and plasma cholesterol may be mediated through its antioxidant 
effect on the protection of the polyunsaturated fatty acids , which are known 
to be important in the regulation of some phases of cholesterol metabolism. 
Vitamin E seems to have a protective effect on enzyme systems but precisely 
how and why this happens is not understood and is a point of disagreement 
among inves tigato rs. There is a difference of opinion on whether alpha-
tocopherol is an integral part of an enzyme equation or whether it is a pro-
tector of the integrity of the lipid components of the enzymes or of the cellular 
structures that produce or support the enzymes. 
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MBTEIODS AND PROCEDURE 
Statement of I.he Problem 
The purpose of this study was to investigate the levels and weekly 
variations of certain serum lipid components in healthy adults under home 
living conditions on self - selected diets with and withoul an increase in the 
proportion of polyunsaturated fatty acids . The serum alpha-tocopherol, 
cholesterol , and total lipid values and unsaturation of the lipids were deter -
mined. 
General Design of the Study 
Selection of the subjects 
1'wency-nine adult subject.a partjcipated in the study. Originally, 
adults between 1.he ages of 40 and 60 years were sought. , but difficulty 
was encountered in obtaining an adequate number of individuals of this age 
from the community. The upper and lower limits were extended in hopes 
of attracting more people. As a result., tJ1e ages at the beginning of the study 
ranged from 33 to 59 years. Except for three persons who were eliminated 
for medical reasons, all of the initial participants continued to the termina-
tion of the study. 
Of the 26 participants , 10 were designated as controls and 16 were 
assigned t.o the experimental diet (Table S). Each of the groups contained 
an equal number of men and women. The distribution of ages was approximately 
equal ln the two groups . 
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Table 3. Age and sex of control and experimental subjects 
Control Experimental 
Sex Number Age range Number Age range 
Male 5 43-59 8 33-50 
Female 5 41-59 8 36-49 
The study was conducted from November, 1965, to June. 1966, 
with each indiVidual participating for 26 weeks. 
Physical examinations 
The subjects were given physical examinations by local physicians. 
A letter (Appendix A) explaining the purpose of the study was sent to the 
physician along wilh the examination report form. The reports constituted 
medical approval for participation of 1.he subjects and were added to the 
data accumulated in connection with the study. 
Laboratory determinations (urinalysis and hematoc r it value) 
usually reported in connection with the physical examination were performed 
in the Nutrition Research Laborat.ory. In addition, erythrocyte hemolysis 
and urinary Cl'eatine: creatinine ratio were determined for each subject. 
Differel\tial white blood cell counts were performed by a medical technician 
from smears prepared in the Nutrition Laboratory. All of the laboratory 
determinations were repeated as each subject terminated his participation 
in the study. 
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Collection of blood samples 
The subjects reported to the Nutrition Laboratory before break-
fast one day a week. Blood obtained by finger - tip puncture from the fast-
ing subjects were collected it\ glass tubes, covered with parafilm and 
allowed to stand for two hours. The tubes were than centrifuged to pack 
the cells and allow removal of the serum. The serum samples were trans-
ferred to special plastic vials fitted with tight covers and labeled carefully 
with the subject's code and sample number. Aliquots of serum were taken 
for the analyses for alpha - tocopherol, cholesterol, and I.of.al lipid and un-
saturation of the lipids. The remainder of the serum was frozen for storage. 
Weight 
Following collection of the blood, the subjects weighed themselves 
and recorded their weights. Breakfast was served to them in t.he Nutrition 
Department. The subjects were asked to maintain their normal weights. 
Any dietary modifications which were made were done within the individual's 
normal eating pattern. 
Dietary history and food record 
The subjects were asked to complete a dietary history (Appendix B), 
giving information about normal eating habits . the kind and amount of fat 
normally consumed, usual methods of preparing food, and energy expenditure 
estimates. 
Dietary modifications 
The subjects were given a thorough explanation of the purpose of 
the study. Subjects who served as controls made no changes in their diets. 
After the second blood sample had been t.aken, the experimental subjects 
were given specific instructions concerning the dietary modifications to be 
made. These modifications were designed to assure a polyunsaturated to 
saturated fatty acid ratio (P:S) of 1. O or greater. The modifications were 
based upon the American Heart Association booklet, "P lannin g fat-con-
trolled meals for unrestricted calories" (1962), but wHh less restrictions. 
This booklet was give n t.o the experimental subjects as a reference, 
particularly since the background exp lanatio ns concerning fat were well 
written. Other printed materials, menu suggestions and 1·ecipes were 
made available also. Included with these materials was the Corn Porducts 
booklet, "Planning controlled-fat meals" (Anonymous, 19!i5). 
Some of the specific instructions are included in the following list: 
1. Use of only skim milk, nonfat dry milk power or buttermilk. 
2. Use no whole milk ,chcese or ice cream. CoUage cheese can 
be used ad lib. 
3. Use no more than four egg yolks during the week. 
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4. Use beef, pork, lamb, or ham at no· more than three meals 
during 1l1e week. Gravy can be made with oil but not with meat 
drippings. 
5. Use chicken, turkey, and fish (without skin) and s hellfish as 
often as desired. 
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6. Use c.'Oro oil and corn oil margarine for cooking and table purposes. 
Corn oil, corn oil margarine , peanut butler. mayonnaise. two kinds 
of salad dressing, sandwich spread , and tartar sauce 1 were available for 
use on the experimental diets and the subjects were encourage<! to use the 
products freely. 
Diet.ary calculations 
Subject.a were given specific directions (Wilcox et al. , 1956 p. 38) 
to record their food intakes for two day,s per week on forms provided (Appendix 
C) rotaWng tile days so that all days of the week would be reported in approxi-
mately equal numbers. From these reports, dietary intakes were calculated 
for two periods: 
1. The firs t two weeks of participation for each person . This 
period included all the diet days reported before the second 
blood sample was taken. (The number of days ranged Crom 
2 to 5.) 
2. The remaining time o f the study. Approximately half of the days 
were in the first half of t.he period and half in the second porUon 
of the time period. (The number of days ranged from 11 to 21.) 
Calculations were made for: carbohydrate, protein, fat, calories, 
percentage of calories as fat, saturated, mono -unsaturated and polyunsatur-
ate<i fatty acids, the P:S ratio , cholesterol, total and alpha - tocophcrol , and 
1Supplied by Corn Products Company. 
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vitamin E:PUFA ratio. Calculations were made from food composition tables 
constructed from all available sources of material. The following sources 
were used: Anonymous, 1964; Bowes and Church , 1956; Browe et al. , 1966a, 
1966b; Bunnell et al., 1965; Dicks , 1965; Harris eL al., 1950; Herting and 
Drury, 196:{; Krause, 1961; Leverton and Odell, 1958; and Watt and Merrill, 
1963. 
Statement of the ffypotheses 
There is substantial evidence that levels of tissue tocopherol 
are reduced when polyunsaturated rauy acids that have been stripped of 
their natural tocopherol are used in high proportion in the diet. Little 
information is available concerning the effect of such diets on senim 
tocopherol levels In individuals on self-selected diets using commercially 
available oils. Neither is there more than limited information relative 
to the normal variations in serum tocopherol levels in the same individual 
over an extended period of time, nor the relationship, if any, between variations 
in serum l.ocopherol and serum cholesterol in individuals under ordinary home 
living conditions. 
ln order to obtain more information concerning the above relation-
ships, and ror the purposes of the study, It was hypothesized that: 
1. Serum alpha-tocopherol levels will show considerable variation 
wHhin normal limits in adults on self-selected diets under home 
living conditions. 
2. Serum alpba-tocopherol levels will remain within normal 
limits ln adults on self-selected dlets containing an in-
creased proportion of polyunsaturated fatty acids. 
3. Serum cholesterol levels will decrease if the unsaturation 
of the scrum lipids shows a substantial increase. 
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4. Serum tocopherol and serum cholesterol levels will be independent 
of each otner. 
:Erythrocyte Hemolysis Test 
The susceptibility of erythrocytes to hemolysis by hydrogen per-
oxide was determined for the subjects at the beginning and at the termination 
of the study. The method of llorwitt et al. , (1956) was used (Appendix D). 
Two hundred microliters (0. 2 ml) of whole blood were used for each test. 
It was possible to hold samples in the saline-citrate solution overnight, 
thereby allowing more samples to be run at one time. 
Urinary Creatinc:Creatinine Ratio 
Creatine reacts with picric acid in alkaline solution (F'olin's 
method, Appendix E) r.o give a red compound, the amount formed being pro-
portional to tho concentration of creaUnine present. Creatine , on boiling 
with acid, is t ransformed into creatinlne. By determining the creatin!ne 
content before and after boiling with acid, the amount of creatine present is 
obtained by difference. The ratio between ereatine and creatinJne remains 
fairly constant for a particular person and can be determined on a random 
urin specimen; therefore, 24-hour specimens were not necessary . 
Serum Alpha-Tocopherol Determination 
Semm alpha-tocopherol was determined by the use of thin-layer 
chl•omat.ography to separate the alpha-from the other tocopherols in a 
petroleum ether extract of the serum, followed by the use of the Emmerie-
Engel reagents for the development of color (Appendix F). The addition 
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of O. 04 percent sodium fiuorescein to the silica gel used to prepare the thin-
layer plates allowing visualization of the tocopherol under ultra violet light. 
After localization of the spot on the plate, the coating containing the spot 
was scraped into a flask containing absolute alcohol. ·rhe toeopherol was 
eluted from the binding substance, and the resulting solution filtered through 
a sintered glass funnel int.o a graduated centrifuge tube. The volume of 
the solution was reduced to a total of 2 ml using a steady stream of nitrogen. 
Two ml of dipyridyl solution were added, the solutions mixed and the tubes 
corked or stoppered tightly. For color development o. 5 ml ferric choloride 
in alcohol solutio n was added and the optical density of the solution read in 
the colorimeter in exactly 2 minutes. The amount of alpha-tocopherol con-
tained in the samples was estimated by comparison with a standard curve 
prepared from rea dings on standard solutions of varying amounts of dl-
alpha-tocopherol treated in the sa.me manner. 
The solvent system to be used for the separation of ~he alpha-
tocopherol was determined by experimentation. Many simple developing 
mixtures were tried but without. satisfactory results. Part of the difficulty 
was related to the use of benzene as an application solvent and partly due 
to inexperience and difficulty in recognizing the alpha-tocopherol spots. 
Activition oft. he thin-layer plates by heating, as recommended for hydro-
phobic substances (Bobbitt, 1963; Skinner and Parkhurst , 1964) appeared 
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to retard the migration of tocopherol and was not used. The solvent system 
found to be most satisfactory was that of Rao et al. (1965) which consisted 
of light petroleum, lsopropyl ether, acetone, ethyl ether, and acetic acid. 
Fresh solution was made up frequently in order to maintain the proper 
proportions in the developing tank. 
Total Serum Lipid Determination 
The estimation of the total serum lipids was done according to 
the method of Bragdon (1950). This method (Appendix G) is based on oxi-
dation of a su ltable extract by a pot.assium dicbromate-sulfuric acid reagent, 
and the colorimetric determination of the reduced chrome Jon. Using olelc 
acid in graduated amounts, a calibration curve was plotted from t.he theoreti-
cal dichromate-reduciug power of olcic acid. Colorimetric readings from 
serum samples were then read from the curve as "total lipid". No attempt 
was made to determine the content of the various fractions making up the 
total lipid. 
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Serum Lipid Unsaturatfon 
The colorimetric method of Michaels et al. (1958) was used to 
determine the unsaturation of the serum lipids (Appendix H). Pyridine sul -
fate dibromide was added to the chloroform extract of the serum. As the 
fatty acids present were saturated with bromine , the yellow color disappeared. 
The solutions were mixed quickly and placed in the dark for 15 minutes. The 
extinction. of the yellow color was then measured colorimetrically . Oleic acid 
solution treated in the same manner was used to construct a standard curve. 
Determinations on serum samples were read as mg oleic acid. 
The aliquots taken for the total lipid and unsaturation determinations 
were both 40 microlite:rs; thus, a ratio of unsaturation: total lipid was avail-
able as a measure of the relative unsatu:ration of the lipids. As the propo rti on 
of polyunsaturated fatty acids increased in the blood, this raU o also in-
creased due to the larger number of double bonds pre sent in the lipid 
molecules which could combine With the bromine. 
To obtain the iodine value of the fat, this ratio of unsaturation: 
total lipid would be multiplied by 89. 9 , which is the iodine value of olelc 
acid. The expression, iodine value, therefore, is dependent upon two 
separate parameters estimated on the same blood sample. The effect of 
fluctuations in either value would therefore be magnified in the expression 
iodine value. 
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Serum Cholesterol Determination 
Serum cholesterol values, tot.al and percent free , were determined 
by the method of Galloway el al. (1957), using 40 micro liters of serum. 
Analysis of the Samples 
The average of the values obtained by analysis of the first two blood 
samples from the individual subject was taken as the baseline for the varJous 
parameters. Serum cholesterol values, both free and total, were determined 
on every blood sample. Total lipids and unsaturation of the lipids were deter-
mined on t:1e first six samples and every fourth sample thereafter and includ-
ing the last sample ~om the individual participant. Alpha-tocopherol was 
determined on the first four samples and on every even-numbered sample 
and the last sample from the individual par ticipant. 
Analysis of the Data 
For statistical analysis of the data equal number of subjects Jn 
control and experimental groups were used. Ten of the 16 experimental 
subjects were paired with the 10 control subjects on the basis of values 
obtained at the start of the study. Values used in the pairing included 
sex (five male pairs and five female pairs) , age, se r um alpha-tocopherol 
and serum cholesterol, dietary P: S ratio , and per cent of calories as fat 
(Table 13). 
RESULTS AND DISCUSSION 
Introduction 
For purposes of analysis, the total time covered by the study 
was divided into three periods. Period "a " included the first two weeks 
of participation for each person and was taken as the baseline for all para-
meters to be considered. Data from period "a" were those obtained from 
the first two blood samples and all the diets reported before the second 
blood sample had been taken. 
The major portion of the study was divided into two approximately 
equal parts termed ''b" and "c". Values determined during the third 
through thirteenth weeks were averaged to obtain data reported under 
period ''b". Values determined during the fourteenth through twenty -
sixth weeks were averaged to obtain the data reported under period "c". 
DJetary intakes for the major port.ion of the study were calculated 
for days distributed as nearly as possible throughout the 24 weeks. The 
data were averaged and reported under period "c" 
For statistical analysis equal numbe rs of subjects in each group 
were used (Table 14). The data for the experimental subjects designated 
as the smal l gi:oup. (5 men and 5 women) showed ooly slight differences 
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from data for the total group of all experimental subjects (8 men and 8 
women) as shown in Tables 4 and l(l. Data from the subjects not used in the 
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statistical analysis wer e not discarded bu t are discussed with the results 
whenever appropriate. 
Table 4 . Mean serum alpha - tocoph e rol values and erythrocyte bemolysis 
Groups 
.Men 
Experimental 
All 
Small group 
Controls 
All men 
Women 
Expe r imental 
aa 
mg % 
0. 47 
0.48 
o. 59 
0. 54 
All 0. 59 
Small groups 0. 51 
Cont r ol 0. 49 
All women O. 50 
Both sexes 
Experimental 
All 
Small group 
Controls 
All subjects 
0. 53 
0. 50 
0. 54 
0. 52 
Tocoe herol 
b 
mg% 
0.69 
0. 7 1 
0.62 
0.69 
0. 73 
0.60 
0.69 
0.72 
0. 61 
c 
mg% 
0.62 
0.63 
0. 50 
0. 72 
0.78 
0.61 
0. 67 
0. 71 
0 . 55 
RBC hemol;i:sis 
a 
% 
2.53 
l. 84 
5.02 
3. 43 
'· 68 
1. 09 
4.56 
2.83 
2. 10 
1. 47 
4.79 
3.13 
c 
% 
1. 79 
1. 55 
4.09 
2.96 
2.21 
6.09b 
2. 37 
1. 88 
4.98° 
aTime periods: a) means for pretest period; b) means for first ha! f oft.est 
pe r iod; c) means for last half of test period. 
bMean for control women wit h one high value of 61. 01 omitted; mean for all 
control women, 17. 07 . 
0 Mean for all controls wHh high value of 61. 01 omitted; mean for all controls, 
10. 58 . 
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Tocopherol 
Serum tocopherol values 
The mean serum alpha-tocopherol concentration for all subjects 
was 0. 52 mg per 100 ml (Table 4). The means for men and women differed 
slightly (0. 54 and 0. 50 mg per 100 ml, respectively). The serum t.ocopherol 
values for men in the experimental t,'l'oup were not significantly lower than the 
values for men in the control group (0. 48 and 0. 59 mg per 100 ml, respectively). 
The tocopherol values for women in the experl!nental group averaged approxi-
mately the same as the values for women in the control group (0. 51 and O. 49 
mg per 100 ml, respectively). 
Tocopherol levels in sera from the same individual showed wide val'iation 
from week to week. Figures 1 and 2 illustrate the wide range of values found 
in all !,TOUPS, 
Although experimental group as a whole showed a 26 percent increase 
from the starting level while the control group remained the same, this in-
crease was not statistically significant (Table 17). The wide val'iation shown 
by individual subjects and the small number of subjects undoubltedly pre-
vented the apparently lal'ge increase from being statistically significant. 
At 3 months and at 6 months the mean values for the experimental 
subjects were somewhat higher than those for the control subjects (Figure 3). 
The values for women increased thrnughout t.he period of the study; for the 
experimental subjects the levels were slightly higher but parallel with I.hose 
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of the control group. 1'he mean t.ocopherol values for men of I.he experi-
mental group showed an increase frOJX\ the start to midway 111 the study which 
was similar t.o that of the women of the experiment.al group. During the second 
half of the study period 1.ocopherol values for both groups of men dropped in 
a roughly parallel fashion. 
The increase in levels of serum tocopherol for subjects on the ex-
perimental diet was less than that reported by Dayton et. al.(1965), who 
found tocopherol values in the experimental subjects t.o he twice that of the 
controls. 'rhe shorter tjme period in the present siudy could account for 
the lesser degree of increase. Also to be considered are the ages and pre-
vious dietary histories of t11e individuals as well as the design of the study. 
In the Daylon study the subjects were elderly men (mean age 67 years) 
housed in a domiciliary. The modified diet was served cafeteria style accord-
ing t.o a formula designed to provide a known amount of unsaturated fats. 
In the present study the subjects were younger (mean age 44 years). The 
modified diet was eaten at home or, occasionally, in restaurants. Much 
less control of the content of the diet was possible. 
Erythrocyte ;,emolysis 
The susceptibility of erythrocytes to bemolysis by hydrogen 
peroxide was within the normal range for all subjects at the beginning 
of tlle study. Thls was in keeping wlth the normal serum tocopherol levels. 
The red blood cells of the control subjects were more susceptible t.o 
hemolysl.s than I.he red cells of the experimental group (4. 8 and 2. 1 percent, 
respectively). One of the women in the control group showed a 13 per-
cent hemolysis, which would be considered as high normal. The mean 
values for all groups are presented in Table 4. 
The hemolysls test was repeated at the termination of the study. 
The mean percent hemolysis had decreased for both groups of men. 
In most cases the changes were small and were not signficant. Three 
men from the control group, however, showed noticeable changes. one de-
creased and two increased. Mean homolysis for women increased. 
Crcatinuria 
The ratio of creatine to creatinine in the urine was determined 
for all participants at the beginning and at the termination of the study. 
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The range of ratios at the start (0 to 0. 95) and at the termination (0 to O. 76) 
was wide. Twenty of the subjects showed ratios greater th.an O. 10 in one 01· 
more specimens. In fourteen of t :iese (.;,e creatinuria was under O. 30. 
Eight experimental and seven control subjects showed increased ratios at 
the end of the study. Examination of the data showed no relationship be-
tween the presence of creatinuria and the tooopherol levels. 
Measures of vitamin E status 
Senim tocopherol concentration, erythrocyte hemolysis and the 
ratio of urinary creatine to creatinine are measures used to evaluate 
the vitamin E status of individuals. The serum t.ocopherol values of the 
experimental group were not found to be reduced during the period of the study. 
In fact, the mean tocopherol levels for this group increased in both men 
and women, the increase being 26 percent above the starting level. The 
findings a.g-ree with those of Dayton et al. (1965), but to a lesser degree. 
Increased excretion of creatine was found in both experimental 
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and control subjects. The increased ratios showed no consistent relationship 
to chimgcs of levels of tocopherol in the blood. It is possible that the 
length of the swdy was not sufficient Cor changes related to the increased 
creatine to be manifested. On the other hand, the small changes in 
blood tocopherol levels would not appear to be consistent with a vitamin E 
deficiency in the muscles sufficient to cause degeneration of lissue. The 
use of the c·reatine to creatinine ratio as a measure of vitamin E status 
would seem to be limited to inst.ances of depletion of vit.amin E in the 
tissues through more drastic restrictions than were imposed in the present 
study. 
The use of the erythrocyte hemolysis test as an estimate of vitamin 
E status would appear to be of value only if performed on serial samples 
from the same individual. Only very great changes in red blood cell hemolysis 
or tocopherol levcls are indicated. The scatter diagram, Figure 4, shows 
no correlation between change in percent hemolysis and change in serum 
tocopherol levels. lo }'igure 5 the percent hemolysis is plotted against serum 
tocopherol concentration. There is apparently no linear relationship be-
tween the two parameters. Only a few individual points show the expected 
relationship, These data do not agree with earlier reports in which the 
• 
• 
• • 
• 
' 
Chango in percent erythrocyte hernolysis 
Figuro 4. Change in percent erythrocyte hemolysis in re lation to 
change in sorum tocopherol lev els. 
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susceptibility of erythrocytes to hemolysis increased as the serum tocopherol 
levels fell below O. 50 mg per 100 ml. The small size of the populawon could 
be a possible explanation for the lack of agreemenc , plus lhe factor of inherent 
variation in biological material. 
Dictarv intakes of tocopherol and 
the vitamJn E:PUFA ratio 
The mean dietary intake of alpha - tocophcrol was es•.imated to be 
8. 5 mg per day at the beginning of the study (Table 5). This agrees well 
with the findings of Bunnell et al. (1965) bul not wilh the earlier report of 
Harris and Embree (1963). As a group the women control subjects tnd a 
higher average intake than did the experJmental subjects (10 . 2 and 7. 5 mg, 
respective~ Control and experiment.al subjects among the men had fairly 
similar mean <lietary tocopherol intake ('7. 9 and 8. 3 mg, respectively). 
The vitamin E : PUFA ratios for all groups were comparable at 
Che starl. The ral.io for the men was O. 62 and for I.he women 0. 69, giving 
a mean ratio of 0. 65 for all subjects (Table 5). Tbe ratios were similar 
because the alpha-tocopherol and polyunsaturated fatty acid intakes were 
approximately the same for all groups. The range of vitamin E: PUFA 
ratios was O. 40 to 1. 01 for individuals within the group. 
Dietary intakes of tocopherol increased from 50 to 100 percent 
in the experiment.al groups. The average increase was 77 percenl for all 
subjects on the special diet, and significant at the 5 pe1·cent level (Table 6). 
For the control subjects the dietary tocopherol increased for the men 
and decreased for the women, with the mean for all controls i·eroaining the 
same. 
Table 5. Dietary alpha-tocopherol and polyunsaturated fatty acid intakes 
and vitamin E :PUFA ,·auos 
Vitamin 
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Croups __ :i;pcoeherol PUFA E PUFA 
Men 
Experimental 
Control 
All 
\Vo men 
Experimental 
Control 
All 
Both sexes 
F.xperimental 
ConLrol 
All 
a· c 
mg mg 
8.3 16.6 
7.9 9.3 
8. l 
7. 5 11. 4 
10.2 8.8 
8.9 
7.9 14.0 
9. 1 9.1 
8. 5 
a c a c 
mg mg 
14.9 :n. 9 0. ()4 0.52 
12.8 13.2 0. 60 0. 73 
13.9 0. 62 
12.0 21. 8 o. (ill 0.54 
11. ' 13. 0 0.68 0. 78 
11. 9 0. 69 
13.4 26. 9 0.66 0.54 
12.3 13. l o. (;4 0. 75 
12.9 0.65 
a 
a, b, c represent time periods. Time periods: a) means for pretest period; 
b) means for first half of test period; c) means for last half of test period. 
The polyunsaturated fatty acid intake increased somewhat for the 
for the control subjects, and doubled for the experimental subjects (Table 5). 
The mean vitamin E : PUFA ratio decreased in the experimental group from 
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Table 6. Analyses of variance for dietary alpha-t.ocopherol , polyunsaturated 
fatty acids and vitamin E: PUFA 
Source of variation df Mean squares F 
Dietary alpha-tocoph erol 
Treatment 1 36.3 3.36 
.E:rror A 16 10.8 
Time 1 93.9 8. 09* 
Tfroe vs treatment 1 93 , 3 8.04 
Error B 16 11. 6 
Polyunsaturated fatly acids 
Treatment 1 555.0 22 . 94* * 
Error A 16 24.2 
Time l 508.4 25.62** 
Time vs treatment 1 396. 9 20.00** 
Error B 16 19.8 
Vitamin E : PUFA ratios 
Treatment l 0. 102 5.24 * 
Error A 16 0.019 
Time 1 0. 001 
Time vs treatment 1 0. 144 4. 98* 
Error B 16 0.029 
* Significant at the 5 percent level. 
** 
Significant at the 1 percent level. 
O. 66 at the start of the study 1.0 o. 53 at its termination. Jn spite of the in -
cre ase intake of alpha-tocopherol (which was significant at the 1 percent level), 
the increased intake of polyunsalllrates was sufficient to res uH in the de -
creased ratio. The mean ratio for the controls increased about the same 
amount as the ratio for the experimental group decreased. The difference 
in mean ratios was signficant (Table 6). 
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The mean ratio of vitamin E : PUFA was determined for each individ-
ual hy averaging the daily ratios. The mean ratio for the group was deter-
mined by averaging the ratios or the individuals within that group. There was 
wide variation from day to day in the t.ocopherol and polyunsaturated fatty 
acid intakes, depending upon the food items selected ror the day. As a re-
sult the daily vitamin E : PUFA ratios covered a wide range. The range of 
v aria lion on the daily diets was greater for the control subjects than for the 
cxpericmntal group. No restrictions had been placed on the controls as 
far as selection of foods was concerned; therefore, the wider variation 
was not unexpected. 
The tocopherol levels in the blood did not appear to be directly 
influenced by the ratio of dietary lOcopherol to polyunsaturated fatty acids. 
The experimental group showed an increased mean serum tocopherol along 
with a decreased vitamin 1';:PUFA . rafjo . The scrum wcopherol did, how-
ever, appear to be related to the dietary tocopherol intake. The experimental 
group demonstrated an Increase in mean scrum tocopherol with the greatly 
increased dlela.ry t.ocopherol. The relationship can be seen by a comparison 
of Tables 4 and 5. 
Cholesterol and Total Lipids 
Serum cholesterol values 
lt1itial scrum cholesterol levcls were round to be within the average 
range of 150 r.o 250 mg per 100 ml, except fol' two subjects. For these two 
subjects the initial levels were 255 and 297 mg per JOO ml, respeclively. 
Average cholesterol values for women were higher than those for men, 
201 and 175 mg per 100 ml, respectively (Table 7). Of the total group 
of subject,s five women and four men had levels over 200 mg per 100 ml 
at the beginning of the study. Other in'lestlgaJors have found cholesterol 
levels for men to be higher than the levels for women in this age range. 
The small size of the sample population could be a factor in this regard. 
Table 7. Mean serum total cholesterol and percent of free in tot.al 
cholesterol 
Serum Cholesterol 
Total percent free on total 
Groups aa b c a b c 
mg'ii, mg% mg% 
Men 
Experimental 173 175 175 26.0 27.2 26. 1 
Control 177 184 184 26.5 26.0 24.8 
All 175 26 .2 
Women 
Experiment.al 194 190 196 23.9 27.2 25.9 
Control 209 202 206 28. 7 27.7 26.5 
All 20l 26.3 
Hoth sexes 
Experimental 184 182 185 24. 9 27.2 26.0 
Control 193 193 195 27.6 26.8 25. 7 
All 188 26.3 
a a, b, and c represent time periods. Tlme periods: a) means for pretest 
period; b) means for first half of test period; c) means for last half of 
test period . 
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Weekly variations in serum cholesterol levels are shown in Figure 
6 for the control subject.a. These individuals followed their regular outines 
of eating and activity. The fi11dings, therefore , can be considered to estimate 
the normal condition for eac h person. The extremely wide range of values 
for certain individuals illust r ates the fallacy of great dependence on a single 
random blood sample taken to determine the serum cholesterol concentration 
of an individual. Only by taking serial samples from the same person over 
a considerable period of time can the variations be evened out and a relatively 
correct estimate of the true levels of the cholesterol be determined. 
Mean serum cholesterol levels showed no change for the period 
of the study. Table 7 and Figure 7 show the mean cholesterol levels by 
g-roup and period of the stv .dy . Within the experimental group, the findings 
on several individuals showed much more variaUon than was indicated by 
the av er ages. Persons whose cholesterol levels were very high initially 
showed noticeable changes. The data are shown in the upper portions of 
F i1:,'ltr es 8A and 9A. Individuals whose serum cholesterol levels were on 
the low side al the beginning of he study showed Jess variation as a result 
of the spe cial diet. Records for these individuals are shown in he lower 
portions of Fi.g1.1res 8B and 9B. Figure 10 shows the means for for experi-
m ental subjects according t.o the initial levels of serum cholesterol. The 
total gr oup of 16 subjects is represented in Fii,,'Ures 8, 9, and 10. Individuals 
whose cholesterol levels were high (above 200 mg per 100 ml) showed re-
duction in blood levels of cholesterol as a result of the diet, while those whose 
inl.tial concentrations had been low s howed little change as a result of the diet. 
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The amount of free cholesterol In the serum is normally about 20 
to percen t of the total cholesterol. At the start of the study the mean 
fo1· all subjects was 26 . 3 percent free cholesterol. The remainder of 
the cholesterol is esterified with fatty acids . The proportion of free to esterified 
cholesterol is one of the relative constant parameters in mammalian physiology, 
although the mechanism mainLaining the proportion is not yet understood. 
Esterification of the cholesterol tal<es place during absorption from the 
intestinal tract, preferentially with oleic and to a lesser extent linoleic 
acid (Karmen et al .. 1963). 
The proportion of free serum chol esterol increased in the experi-
mental subjects as a result of the special diet. At. the same time the percentage 
of free cholesterol decreased in the control subjects. The difference between 
the means of the two 1,Toups at. the termination of the study was statistically 
signific ant but probably not physiologically significant (Tables 7 and 17). 
Serum cholesterol and the P : S rafjo 
The ratio of polyunsaturated 1o saturated fatty acids in the diet 
averaged o. 45 for all subject.a at the beginning of the study (Table 8). 
The same ratio was found for control subjects througl10ut the study. 
Just a.'> with the vitamin E : PUFA raUo, there was considerable variation 
from day to day for the same individual , depending upon the foods selected 
for that day. In most cases, however, the average ratio for each person 
was much the same throughout t.he sl ,udy. 
Table 8. Dietary polyunsaturated to saturated fatty acid ratios 
and dietary cholest ero l levels 
Groups 
Men 
Experimental 
Control 
All 
Women 
Experimental 
Control 
All 
Both sexes 
Experimental 
Control 
All 
Dietary 
P: S ratios 
0.41 
0. 49 
0.45 
0. 43 
0.45 
0.44 
0. 42 
0. 47 
0. 45 
c a 
mg 
1. 27 659 
0. 40 639 
649 
1. 32 482 
o. 50 571 
526 
1. 29 570 
0.45 605 
588 
Dietary 
cholesterol 
c 
mg 
368 
630 
297 
514 
332 
572 
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a a and c represent time periods. Time periods: a) means for pretest period; 
b) means for first half of test period : c) means fo·r last half of test period. 
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For the experiment.al subjects, the special diet required an average 
P : S ratio of approximately one. The success in achieving this ratio differed 
from person to person. Ahhough I.he subjects appeared to be conscientious 
in making the necessary modifications, the actual dc1,>Tee of change achieved 
was variable. ln some cases strict adherence to the diet became difficult 
because of travel conditions. In other instances it appeared to be lack of 
understanding of the essenUal requit·ements as far as individual food it.ems 
were concemed, In other instances I.he days for which dietary intakes 
were recorded were not necessarily representative of the other days. 
In an attempt t.o even out such variations . the investigator selected for cal-
culation diets from days distributed as evenly as possible throughout the 
days of the week and ~11e weeks of lhe study. As much as possible f.he 
numbers of diets calculated were \he same for all subjects. The mean 
P : S ratio for Individuals on the diet was 1. 29. All of the experimental 
subjects' individual ratios were above one. The increase in P: S ratio 
was significant at the l percent level (Table 9). 
Ilefcrencc to Table 7 and 8 shows that there is no apparent relation-
ship between serum cholesterol level and P : S ratio under the conditions 
of the present study. Other investigators , in whose studies correlation 
was evident, maintained subjects on formula diets in which the degree of 
unsaturation as well as the chain length of the fatty acids was rigorously 
controlled. 
Table 9. Analyses of variance for dietai·y cholesterol and p0lyunsaturated 
to satur a ted fatty acid ratio 
Source of variation df Mean squares 
P: S ratio 
Treatment 1 1. 548 
Error A 16 0. 029 
Time 1 1. 827 
Time vs treatment 1 1. 984 
Error B 16 0.012 
Dietary cholesterol 
Treatment l 187333.0 
Error A 16 
Time l 
Time vs treatment 1 
Brror J:l 16 
* Significant at the 5 percent level. 
~ .. Significant at the 1 percent level. 
Dietary cholesterol in relation to 
serum cholesterol 
29283.4 
183277. 0 
105186.0 
23801. 1 
F 
53. 36 •• 
154.56 ** 
167. 85 ** 
6. 39 * 
7.70 • 
4.42 
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Dietary cholesterol averaged 588 mg per day at the beginning of the 
study (Table 8). The intake for men averagt.-d highe1· than the intake for 
women (649 a nd 526 mg , respectivel y). This is accounted for by the large!' 
amou nt. of eggs and other anirna.l products consumed by the men. Through-
out the perio d of the study the mean choles tero l intakes for control subjects 
rem::iined a t about the same leve l. 
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The special diet to which the other subjects were as signed had 
several built-in features which aut.omatic aJly reduced the cholesterol in-
take. The restriction of a nim a l fa ts and 1,11eir eplacement by vegetable oils 
removed a la rge proportion of the cholest.erol from the diet. Specifically . 
subjects were limited lo no more tha n four egg yolks per week ; beef, veal, 
la mb 01· pork at only thre e meals per week; and no whole milk , whole milk 
cheese, or ice cre a m. The average cholesterol intake for experimental 
subjec ts dropped lo :l:l3 mg. For the women 1.he means was 297 mg , or a 
:!8 percent decrease; for the men 368 mg . or a 44 percent dect·ease. 
The decrease in mean diet a ry c holes ter ol intake was significant at. the 5 
percent level (1'ablc 9). 
No relationship be1ween dia.tary cholesterol and serum cholesterol 
was shown inthe present study (Tables 7 and 8), The subjects who had been 
accus tomed to eating large numbers of eggs per week exhibited large de-
creases io ser um cholesterol by midway in the study. Such decreases , how-
ever were e ra.s ed as the stu dy progressed. The serum cholesterol values 
levelled off at a poin t somewhat above the cnidway average but still lower 
than the initial point . In some individuals the serum cholesterol levels 
were bJgher at th e terminati on of the study in spite of a decreased dietary 
chol cste1-ol and increa.ised P , S ra tio. 
To la! lipids a nd polyuns aturated fats 
The total lipids in the serum were found to be high according LO 
estab lis hed norms, the average being 726 mg per 100 ml for all subjects 
(Table 10). The mean for men was conside-rably higher than I.he mean for 
women (767 a nd 685 mg per 100 ml, respectively). The mean values for 
the experimental subjects were higher than those fo t' the controls. 
Table 10. Mean ser um lipid values 
Vl'Oups 
Men 
Experi ment al 
Conlrol 
J\ll 
Women 
Experimental 
Control 
All 
Both sexes 
Experimental 
Control 
All 
a.a 
mg% 
788 
747 
767 
761 
609 
685 
775 
(;78 
726 
Total lipid 
b 
mg% 
830 
753 
·759 
72 1 
794 
737 
c 
mg % 
739 
739 
743 
750 
725 
744 
aTime period s: a) means for pret.e st period ; b) means for first half of test 
period; c} means for las t ha lf of test period. 
After 3 months on the special die~ tJle mean values .for total lipids 
in the women expcr imen ta.l subjects showed little change. The same was 
found for the men control s. The mett experimental and ~he women control 
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subject.'!I, on the other hand , s iiowed a large increase in mean total lipid. 
After 6 mont.hs th e effect of the diet became noticeable in reduced tot.al 
lipids for all cxperimenta .l subjects . The levels for the men in the con-
trol group remained about the sa.me. Values for the women in the con -
~1·0! group continued f.o rise . The dat.a are presented in Table 10 and 
Figure 11. 
The effects of the special diet were more noticeable when subjects 
were considered in rel ation to t.he initial total lipid levels. T he s ubjects 
were divided into groups using an arbitrary value of 900 mg per 100 ml 
as the dividing line . Subjects, both men and women , whose tota l scrum 
lipid levels were high at the start showed a rapid decline in lipid levels up 
to 3 monlhs (Table 11 and }'igure 12). The drop continued for the next 
three months but a t a slower rate . Subject.s whose serum levels were 
wit.hin t.he normal range initially showed increased leve ls at 3 months, 
followed by a decline. The average values at 6 months were lower for both 
men and women whose lipid levels had been high t.ban the average values 
for the subjects whose initial lipid levels had been normal. The cha nges 
in total lipid level s , however . were not statistically significant. 
Considerable va ri ation in lipid levels occurred between samp les 
from the same incUviduaJ. Such variations could not be shown to be re-
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lated to fluctu ations in the cholesterol levels. Other invcstibtators have found 
changes in total lipids to be pa ,·allel wil.h clmngcs in cholesterol , although 
less pronounced. For exJ.mple, Day1,on and co-workers (1966) found an 
Table 11. Mean sel'um lipid values in experimental subjects accol'ding 
lo initial lipid levels 
Total lipid 
Groups b c 
mg% 
Men 
High lipids 1088 801 666 
Low lipids 793 881 ·733 
Women 
High lipids 1115 785 704 
Low lipids 580 753 692 
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a Time periods: a) means fol' pretest period; b) means for first half of test 
period; c) means for last half of test period. 
immediate drop in total lipids in subjects on the h.igh unsaturated fat diet 
for 4 months, but no change in levels for the con1.rol. There was a slow, 
continuous parallel decline in t.otal lipids for all subjects over the next 
40 months of the study. Other investigators have credit.ed the decrease in 
cholesterol with being sufficient to cause the report.ed decline in l.otal 
lipids. In the prest ,nt study the reduc1ion in cholesterol for t.he experimental 
subjects was not sufficient by itself t.o cause the decrease in total lipid 
va lues. This would cert.ainly not be an adequate explanation for the women 
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Men = High 
Men - Low 
Women "' 1-ligh 
Women = Low 
Fib'ttre 12. Moan total serum lipid values in experimental subjects accorcting to 
initial total lipid leve ls. 
control subjects, whose cholesterol dropped slightly while the t.otal 
lipid showed a great increase. 
The unsaturation of I.he serum lipids is thought 1.0 reflect the 
type of fatty acids available to the body from the food intake. There-
fore, an increase in the intake of polyunsaturated fats should increase 
the tot.al unsaturation in the serum. Analytically, unsaturation was 
determined as mg oleic acid per 100 ml serum. Determined by this 
method, the rr.ean scrum unsatu1·awon for all subjects at the begin-
ning of the study was 1837 mg per 100 ml. Mean values for men were 
higher than those for women, and mean values for experimental subjects 
were somewhat higher than those fot· the control subjects. When the un-
saturation was compared to the total lipid, however, the mean ratios 
for men and women were almost the same (Table 12). 
Al midway in the study the average unsaturation of the serum 
lipids was similar for all subjects , irrespective of the diet. The average 
unsaturation for the experimental group of men decreased while values for 
all other groups increased . The mean unsalllratlon was higher at the end 
of the study than it had been at the beginning. (Figure 13). 
The mean of the ratios of unsaturalion t.o t.otal lipid increased for 
all subjects except the men of the experiment.al group midway in the study 
and for all except the women cont.rols at tl1e termination. The mean ratios 
are clepictcd in Table 12 and F'igure 14. 
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Ta.blc 12. Unsaturation of the lipirlsand ratio of unsaturation t.o total lipid 
Unsaturation : 
Unsatural.lon t.otal liJ2id 
Groues aa b c a b c 
mg% mg'% mg% 
Men 
Experimental 2140 l993 2193 2. 84 2.69 3. :n 
Control 1750 2046 2059 2. 37 3.09 2.88 
All 1945 2.61 
Women 
Experimental 1638 2168 2046 2.24 3. 12 2. 91 
Control 1818 2044 2131 3.00 3.07 2. 89 
All 1728 2. 62 
Both sexes 
Experimental 1889 2080 2119 2. 54 2.91 3. 11 
Control 1784 2045 2095 2. 69 3.08 2. 89 
All 1837 2.61 
aTime periods: a)means for pretest period; b) means for first half of period; 
c) means for last half of test period. 
One of the hypotheses of the presen t study was fuat the serum 
cholesterol levels would decrease if the unsaturation of the scrum lipids 
showed a substantial increase. The serum unsaturaUon showed a significant 
increase in relation to time but not to the effects of the diet. There was no 
significant change in the total serum cholesterol. As far as the present 
study is concerned, there would not seem to be any correlation between 
the two parameters. The increase in unsaturation appears to be due to 
some variable not related to the modification of the diet.. 
Men = experimental 
Men = control 
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Women = control 
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Figure 13. Moan unsaluralion of lhe setum lipids of experimental 
and contrnl subjects. 
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Figure 14. Ratio or unsaturation of the scrum lipids to the total lipid 
of experimental and control subjects 
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Other factors related to scrum 
cholesterol values 
The total fat intake as indicated by the percent of t,he calories 
as fat was found to be generally lower than the reported average for 
Americans. Sixty percent oft.he starting levels were between 35 and 40 
percent fat.. Ther<• was only one high value (49. 4 percent) at the begin-
ning of I.he study. 
The average fat intake was 38. 5 percent of the total calories. 
The total fat intake calculated for both expei·imental and control groups 
showed little change during the course of the study ('fable 13). (ndividual. 
variations within the groups did occur. This was in keeping with the 
design of the study , since maintenance of body weight was considered t.o be 
of importance. The percentage of fat in the diet ~emained fail'ly constant 
for individual parUcipants. The means for the groups were very similar. 
Individual toler:a.nce to dietary cholesterol bas been shown to 
occur. For example, persons with a low blood cholesterol did not show 
an increase in blood cholesterol even on a diet rich in this material. 
Others with a high level of blood cholesterol al the onset of the test showed 
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a decreased but higher than normal concentration on a completely vegetarian 
diet (Friedman, 19(l4). 
The differences in blood cholesterol noted between men and women are 
related to the opposite effects of the androgens and estrogens (Friedman, 1964). 
Testostcrons increases cholesterol while estrogen decreases it. Men , therefoxe, 
Table 13. Mean percent of calories as fa~ 
Croups 
Men 
Experiment.al 
Control 
All 
Women 
E.'xperimental 
Control 
All 
Both sexes 
Experiment.al 
Conlrol 
All 
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a 
Dietary fat 
a c 
% % 
38.3 38.3 
38.0 38.0 
38. 1 
38.9 37.6 
39. 0 37.4 
38.9 
38.6 38.0 
38.5 37.7 
38.5 
a Time periods: a) means for pretest period; C) means for l'ast half of test 
period . 
tend to have higher serum cholesterol levels than pre-menopausal women . 
.Following the menopause, women are found to have serum cholesterol 
valttes compa.rable to those of men at t.he same age. Sufficient information 
concerning lhe menstrual status of I.he women was not available in the 
present. study. Consequently no consideration of lhe effect of different 
levels of estrogens was possible. 
Friedman and Roscnman (1958. 1959, 1964) have reported an 
intel"r.elationship between emotional st1·ess and hypercholestcrolemia. 
Highest cholesterol levels were found during the time of maximum stress. 
Comparing subjects with varying degrees of stress, the higl1est cholesterol 
levels were found in the subjects under the greatest stress as measured 
by the auU1ors' criteria. They believe tha t the cype of pattern of behavior 
shown by a person is the result of a specific reaction of U1e individual to 
his particular environment, in which case the pattern might be altered by 
a change eitJ1er in the person's reaction or in his environment. Peterson 
el al. (1960) found in some individuals changes as m,wh as 200 mg per 100 
ml from one morning t.o the next. Their data suggested that anl.icipation of 
certain events might be related chronologically to changes in the level of 
scrum cholesterol as easily as the events them selves. Another group 
(Mann and White, 1953) reported that the physiological response to stress 
is a reduction in total serum dlolesterol with a disproportionate fall in the 
esterified fraction. The differing observations do support U1e view that the 
level of scrum cholesterol is more variable in some individuals than in 
o~hers. and that remarkable changes occur with greater rapidity than was 
formerly supp0sed. 
lo the present study several individuals would appear to illustrate 
the effect. of stress upon serum cholesterol levels. Among the subjects 
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were heads of university departments, other university staff members , 
graduate students, including four doctor al candidates who wrote comprehensive 
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exams during the course of the study, office workers, store clerks and house -
wive s. In many cases, peaks of serum cholesterol could be related by dates 
to especi ally stressful situations or the anticipation of such events. The 
hypercholest.erolemic response is an individual matter , not all persons 
demonstrating the same type of response. Those persons who are known 
to re ac t by increased serum cholesterol concentrations would p1·obably 
benefit by using dietary measures to keep cholesterol at as low a level 
as is pr act ic a l. 
Cholesterol and tocopherol 
Lar ge oral doses of vitamin E to cholesterol-fed chickeos were 
found to cause an increase in serum cholesterol but no effect on liver 
choles f.erol. Excess vitamin E given to cholesterol-fed rats caused no 
alternation in any of the liver lipid fractions (Morin et al . , 1962). Vita -
min E, as alpha-tocopherol acetate , had no sigoificant effect on serum 
levels of cholesterol or lipoproteins when taken orally by normal work-
ing individuals at the level of 300 or 600 mg per day for a period of 4 
weeks (Ha.rrnan, 19(10). An elevated plasma cholesterol has been re -
ported in vi tamin E-defi.cient rabbits and guinea pigs. 
In the present study no relationship was found between levels of 
serum cholesterol and serllm tocopherol. 
CONCLUSIO NS 
From information g-<1incd in the present study and from other 
sources dJscussed in the rcvJew of I.he literature, it would appear I.hat 
a high J)Olyunsaturaie<I f.'lt diet using commercially available oils and 
(ood products docs 11ot result in vitamin E-deficienty within a measurable 
len!,'th of time. Under the co ,tditions of self-selection of diets and by non-
institutionalizcd indivlduals the modified diet reduced the total lipid levels 
of the blood but did nol reduce the choksterol levels. The special diet 
was based upon the 1\merJcan Heart AssociatJon's "fat-con trolled" diet 
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but was somew hat more liberal. Despi te this, most subjects found the special 
diet to be restrictive, or at least difficult to ad here to at Umes. The long -
continued use of a controlled-fat diet, which may be well within the Jndividual's 
normal eating pattern but still somew hat "'unusual", requires dedication 
on the part of the individual. Most persons do not care t.o change their long-
established eating habits unless they feel a compellJ ng need to do so. 
Healthy adults within the coronary-prone age were sdected for the study be-
cause it was felt that these indi viduaJs would be more concerned about their 
present and future health. Tile high degree of con1inued interest in the pro -
ject was illustrative of this concern. 
The results showed that I.he use of increased amounts of highly 
unsaturated fats conlriuuted to the inc1'ease in dietary t.ocopherol since 
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the vegetable oils used, especiallly corn oil, contained substantial amounts 
of tocopherol, and to the decrease in dietary cholesterol, since they con-
tained no cholesterol and replaced animal fat.a which did contain cholesterol. 
The findings of the study are reassuring ln thai they demonstraLed 
tha,t the modified fai-controlled diet was effective in reducing scrum cholesterol 
values in persons having high blood le vels without causing a related tocopherol 
deficiency, and at the samo time not irutia1.ing a tocopherol decrease in 
those persons with normal cholesterol levels . 
Slnce the t.otal lipids were decreased while the cholesterol fraction 
rem a ined at about the same level, some other lipid fraction must have de-
creased. The triglyceride fraction of the serum lipids could have been re-
duced, in which case, this effect of 1,he high unsaturated fat diet could be 
a.s important as a reduction of cholesterol. 
FurU1er studies on these subjects at 3- to 5-year intervals would be 
highly desirable . 
SUMMARY 
Introduction 
Twenty-six adult subjects 33 to 60 years of age par ticipated in 
the study. Ten individuals served as controls and 16 were assigned to 
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the experimental diet. Each of the groups contained an equal number of men 
and women . 
The study was conducted from November, 1965, to June . 1966, 
with each individual participating for 26 weeks. Analyses t.o determine 
the alpha-tocopherol, cholesterol and t.ot.al lipid values, unsaturation 
of the lipids, and erythrocyte hemolysis were performed on blood col-
lected by finger -tip puncture. 
The experimental diet. was desib'll.ed to provide a ratio of pely-
unsatnrated to saturated fatty acids or approximately one, with the substitution 
or vegetable oils for animal fats within the normal eating pat.terns of the 
participants. Dietary intakes were calculated from records reported by 
tho subject.a, using food compositio n tables const.ructt.'<I from all avail-
able sources of mate r ial. 
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Purposes and Hpotheses of the Study 
The .purpos e,, of the s1udy was to investigate the levels and weekly 
,,. ' 
~~~- ol_..;J,, '· - • 
variations of ,cettain I ipid components ' jo heal thy adults on self-selected 
. .,-
diets under home-living conditions and I.he effect upon these lipid components 
when th~~iiets cont.ainecllan increased amount of polyunsaturated fatfy acids. 
In order to obtain more information concerning any relationship 
between these lipid components of the blood and dietary intakes and any 
possible interrrelations :1ips between them, it was hypothesized that: 
1. Serum alpha-tocophcrol levels would show considerable 
variation within normal limits. 
2. Serum alpb..-i- tocopherol levels would renij,5:p within normal 
limits when the diet comtained an increased proportion of 
polyunsaturated fatty acids. 
3. Serum cholesterol levels would decrease if t.hc uosaturation 
of the sernm lipids showed a substantial increase. 
4 . Serum tocopherol and serum cholesterol levels would be in-
dependent of each other. 
Results 
The results obtained with respect to each of the hypotheses were 
as follows: 
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1. Tocophcrol leve ls in sent from the same individual showed a --._ 
wide variation from week to week. The mean toeopherol values were 
within normal limits, a nd were approximately the same for men and women. 
2. The high polyunsaturated fat diet did not cause a decrease in 
serum tocopherol under the conclitions of the study. The t.ocopherol lcvels 
for persons on the experiment.al diet increased while the levels for control 
subjects remained the same. The increase in tocopherol concentration, 
however, was not statistically significant. 
Other measures of vita min E status, creatlne : creatinine ratio 
and erythrocyte hemolysis, emphasized that a deficiency of tocopherol was 
,.... ··' 
not evident in the tissues. Changes in c1·eatine : creatinine ratio did occur 
but were found in both the control and the experimental groups. 1 An increased 
susceptibility of red blood cells to hcmol ys is by hydrogen peroxide was not 
found in the experimental group. 
3. The w1saturaUon of the serum lipids showed a significant in-
crease in relation to time but not to the effects of the diet. There was no 
significant chang e in the total scrum cholesterol. 
Despite the fact that the decrease in dietary cholesterol intake 
a.nd the increase in the P : S ratio were signi fieant, serum levels of 
cholesterol showed little change. Unsaturation of the serum lipids increased 
for all subjects. The increase was statistically significant. It must be sue-
1 
pected, therefore, that some unknown variable other than dietary was responsible. 
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4. No significant changes occurred in either the serum cholesterol 
or "tie serum toc~phcrol levels. There was no ap~ent re lat,ionship be-
tween ;the two parameters. 
Hecommendations 
It. is recommended that the subjects who participated in the 
study be observed at a later time to determine whlch of the dietary 
modifications have been i·eta ined and how the concentrations of 
toc:,'Oph.erol, cholesterol and total lipids, and erythrocyte hemolysis 
compare with those obtained at the termination of the present study. 
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Appendix A 
UTAH STATE UNIVERSITY 
College of Family Life 
Department ofl-'ood and Nutrition 
November 30, 1965 
Dear Doctor: 
We want a university type of pl1ysica.l examination for subjects on 
our project, "Serum alpha-t.ocophcrol levels in 40- to 60-year-old adults 
on self-selected diets with and wilhout an increased level of polyunsaturated 
fat." '!'his is a project which is the Ph. D. thesis problem of Marjorie 
Christiansen, who comes t.o us from Alburq uerquc, New Mexico. She is on 
sabbatical from the St. Josei>h Nursing School where she t.eaches nutrition, 
chemistry, anatomy, physiology and microbiology. 
Because our fonds a·re quite limited, we will do hematocrit and urine 
analysis in our laboratory. 
I talked to Dr. Newell Daines, President of the Cache County '11'1edical 
Association. He though I.hat this type of examination could be performed for 
$4 or $5. If you feel the subject needs a more detalled exam, the subject ls 
to pay for the additional cost. 
Send the completed form directly to me plus the fee charged and I 
will make out a requlsiUon to cover It. 
We need a few more subjects. Would you be able to suggest some 
names t.o contact. See attached information on what is expected of them. 
EUW:cb 
Enclosur e 
Sincerely, 
Ethelwyn B. Wilcox, Head 
Food and Nutrition Department 
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I am looking for people who would be interested in partici1>ating in a 
dietary study on \•itamin E in rclaWon to unsat.urated fats. I would like to have 
men, women or couples who are 40 to 65 years of age. The diet will be self-
selected . Ten people will make no change in their diets and ac t as controls. 
For 20 people solid fats will be replaced by liquid fats and oils--the polyun-
saturates you hear so much about these days. The participants will give finger-
tip blood once a week, after which breakfast will be served. Each person 
will keep food intake records for 2 days each week. 
The changes in the diet will be worked out with a nutritionist so that 
the individu als maintain their constant weights. That is, the b.igh oil diet 
is not a high caloric diet. The blood cholesterol values will be determined 
each week in addition to the vitamin E. This is a good opportunity for you to 
find out what your (or your husband's) cholesterol value is. 
Unfort.unatcly, we don't have any money t.o pay the participants, but 
we hope to have supplies of oil , margarine and salad dressings. 
We want t.o begin the study as soon as possible and carry it on for at 
least 6 months. 
MC:cb 
Marjorie Christiansen 
Telephone 752-9740 
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Appendix B 
Dietary History 
Pa rt A. Dietary history 
1. How often do you eat the following foods? 
Cereal: 
Pastes, macaroni, spaghetti _ __ ___ __ __ __ __ __ _ 
Bread: 
Whole grain. ______ __ ____ .enric hed, ___ _ __ _ 
Pancakes or waffles _______ _ _:other hot breads ____ _ 
Milk: 
Whole, __ _ _;2%, __ _ __:Amount per day _________ _ 
Rkim ___ ....,;Evap. ----'Dried __ _ __ _:flow used? ___ _ 
Coffee crearo _ __ ___ _ ___ Whlpping cream _ __ __ _ _ 
Sour cream __________ Other _ _ ___ _ __ __ _ _ 
Table fats: 
Butter _ __ ___ __ ___:Margari ne ______ __:Braod. __ _ _ 
__ _ __ ___ J..,r week. How cooked? ----------
In custard or other rorms. --- - -- -- -- -- -- -- - -
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lee cream or Jee milk: 
Desserts: 
Cakc _____________ Cookics _________ _ 
Pies ____________ Puddings _________ _ 
Jello ___________ Other 
Legumes: 
Dried peas or beans ___________________ _ 
Fruits: 
Citrus, fresh or frozen _________ ...ccanned ______ _ 
Yellow, fresh or frozen canned. ____ __ _ 
Yellow, dried ______ __ ____ _____ ____ _ _ 
Other, fresh or frozen _____ ______________ _ 
Other, canned ___ ____ ____ _____ _ _____ _ 
Other, dried ______________________ _ 
Meat: 
Number times a week _____ ___ ____ ___ ____ _ 
Beef . ___ ______ ____ ____ -:Liver ______ _ 
Lamb Poultry _____ _ 
Pork ______ ____ ______ ___:Prepared meats __ _ 
Fish Bacon. __ ___ _ _ 
Nuts: 
Peanuts __ _____ ____ ____ _ .Peanut butter ___ _ 
Other ______________________ _ 
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Vegetables: 
Potato, white ____ ____ __ __:sweet'- -- --------
Tomato, r·aw ___________ c.ooked or canned _____ _ 
Green leafy, raw cooked 
--- ---- ----' ----------
Green, non -leafy !'aw cooked _________ _ 
Yellow, ra w ___________ ....ccooked, ____ ....:canned __ _ 
Other raw _________________________ _ 
Other cooked ______________________ _ 
Other canned _______________________ _ 
Soups: 
Clear _____________ ._:crearn _________ _ 
Homcmade _____________ c.anned ___ __ _ _ 
Sweets: 
Sugar ____________ ___:candy _________ _ 
Syrups 'am, jelly ________ _ 
Molasses honey ____ _ ____ _ 
Soft drinks _______________________ _ 
Beverages: 
Coffee ________ ___ ___ t.ea __________ _ 
Ovaltine ____________ ......;cocoa. __________ _ 
Water _________ ___ _ -"alcohol. _________ _ 
Miscellaneous: 
Salt, iodized ______ __ __ ....rlain. _________ _ 
95 
Potato chlps ____ _ ___ __ _ ...J'opcorn _________ _ 
Gorn chips other 
------ -- ---
2. Are your meals and other foods generally: baked _ ___ _ _ ____ _ 
fricd _________ .l>roiled _______ ~other _____ _ 
3 . Do you l'requently eat gravies and sauces made with fat? yes. ___ ..cno __ 
Never ___ __ ---'if yes, kinds ______________ _ 
4. How muc h salad dressing do you use? _______________ _ 
Kind: homemade __________ ___yrepared. __ _____ _ 
5. What kind of fats do you use for cooking? 
Lard __ _ __ ___ _ .bydrogenale d shortening'--------
Butter Wesson oil. _ __ _____ __ __ _ _ 
Cream ___ _ ___ _.:Ma zola _______________ _ 
Bacon drippings _____ o;:;ther __ _ _________ _ __ _ 
6. Has there been any si gnificant or mark ed change in the kinds of fats eaten 
from childhood until now? __________________ _ 
7. Have you con.sciously made any shift from your usual use of fats Lo the more 
polyunsaturated fats in the past few years? 
If yes, how? ---------------------------
If yes, why? Advertising __ Medical ____ c.ooking qualities __ _ _ _ 
Other ___________ __ ______ __ ____ _ 
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Parl B. Food record 
1. How man y meals do you eat per day? 
Breakfast ___ .:Luncheon, ___ _:Dinner ___ snacks _ __ Othcr ___ _ 
Exp lanation. ____ ___ ___ ____ _____ __ _____ _ 
2. Which meals are prepar ed and eaten at hom e ? 
Brcakfast. __ __;Luncheon ___ __;Dinner ___ _ Other ____ __ _ 
3. Whlch meals are prepared and eat en elsewhere? 
Breakfast'- _ __,Luncheon __ _ _.:Dinner _ ___ Other __ __ ___ _ 
Explanation __________________________ _ 
4. Are meal s eaten leisurcly ____ hurriedly ___ _ with others ____ _ 
eaten alone . ____ _ 
If eaten with others, i s there confusion or calmness ____ _ 
If ea ten alone, are meals prep ared by pa rtici pant other ___ _ 
If prep ared by other, specify whom ________________ _ 
5. Activity 
J{est before meals: yes __ no ___ Which meals? B L._---'D. __ _ 
Rest after meals: yes __ no __ _ Which meals? B __ L __ D ___ _ 
Strenuous activity: before meals: yes __ .1o __ after meals: Yes _ _ no __ 
Which meals B L D Which meals? n __ L __ D_ 
6. Allergies: yes __ no __ Symtoms: digestive _____ other __ __ _ _ 
Jf yes, to which foods? Milk __ Eggs Wheat. __ _ 
Others ___ ____ _______ __ ___ __ __ __ _ __ _ 
Arc these foods usually avoided'? Yes. _____ _, no ___ ___ _ _ 
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7. Have special diets or food customs been followed? yes no ___ _ 
Explain ____ _ --- - ----- - --- -- --------
8. Laxatives used: ycs __ __:;no ___ Kjnd: mineral oil ___ ..,other __ _ 
When takcn. ______ _ ___ How often taken? __________ _ 
How much taken. ________________________ _ 
9. Supplements t.aken: fish liver oil ___ vitamins ___ _,rninerals ___ _ 
Brand name and amount 
--- - --- - --------------
10. Do you have any known or1,-anlc disorder a~ t.his time / yes no. ___ _ 
Ifyes, what . _____ _ __________________ _ 
Are you currently receiving therapeut.ic treatment? yes no ___ _ 
If yes, natu1·e of treatmen t. ____________________ _ 
Do you take thyroid or any other medicaLion daily? yes ___ ~no ___ _ 
If yes , specify ______ _ ____ _ _____________ _ 
11. Foods especially well liked. __ _ _______________ _ 
12. F'oods usually avoided ____________________ _ 
13. Do you raise any of your own food? yes _____ ..:no ___ _ 
lfyes, specify kind. _______________________ _ 
14. Do you preserve your own food? yes. _____ __:;no ____ _ 
If yes , what kinds? __ _ ___________________ _ 
15. Energy expenditure estimate 
Time io bed at night, ____ ....;hrs. Sleep restful ___ ....;difficult. __ _ 
Daytime sleep or rest lying down. __ __ _,hrs, 
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Description of average day's activities, wol'k and/or recreation time: 
16. Energy expenditure summary 
Very light 
Light 
Moderate 
Severe 
Childhood 
Ve1·y severe ___ _ 
Youth Adult Present 
Age: 
Approx. weight __ 
Approx. height __ 
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Appendix C 
Dietary Record Form 
Name Date Day of week 
Breakfast Lunch Dinner b'nacks 
1. Milk 
2. Vegetables, raw 
Cooked 
3. Potato 
4. Fruit 
5. Bread 
6. Crackers, rice, 
cereal, pastes 
7. Meat, in ounces 
or slices 
8. Egll: 
9. Fat, butler or oil 
1 o. a Mixed dishes 
1 1. Desserts 
1 2. Sugar 
1 3. Candy 
1 4. Soft drinks 
1 5. Supplements 
aPut recipes or ingredients on back of sheet. 
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Appendix D_ 
Erythrocyte Hemolysis Test 
Principal reference: 
Horwitt et al. 1956 . Ame r ican Journal of Clinical 
Nutri ti on 4: 408-418. 
Supplementary r eference : 
Method : 
Gordo n et al. 1955. American Journal of Diseases of 
Children 90:669. 
The susceptibility of erythrocytes to hemolysis by hydrogen peroxide 
is used as an estimate of serum tocopherol levels, Tocopherol is 
thought to protect the cell membrane from oxidation by the peroxide. 
The erythrocytes a r e washed to remove the plasma, suspended in 
saline, then incubated with hydrogen peroxide. The amount of 
hemoglobin released from the cells treated with the peroxide com-
pared with the amount of hemoglobin released from cells treated 
with water is used to determine the percent hemolysis. The 
hemoglobin is measured colorimetrically. 
Solutions: 
1. Saline-citra te 
1. O sodium cit.rate 
0. 9 gm sodium chloride 
q s 100 ml distilled water 
2. Phosphate buffer pH 7. 4 
25. O ml potassium monophosphate (0. 2 !!f) 
19. 7 ml sodium hydroxide (0. 2 ~) 
q s 100 ml distilled water 
3. Saline 0. 9 percent 
4. Saline buffer 
equal volumes of saline and phosphate buffer 
5. Hydrogen peroxide 2. 5 percent 
Procedure: 
1 volume 30 percent hydrogen peroxide (Super-
oxal R) 
11 volumes phosphate buffer 
Preparation of red blood cells 
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1. Take 200 microliters of freshly-<lrawn blood in a pipette that 
has been rinsed in saline-citrate and add to 5 ml of saline-
citrate in a 15-ml graduated centrifuge tube. Cover with para-
film. Maintain for 2 hours at 25<t. 
2. CentTifuge tubes at 1800 rpm for 10 minutes. 
3. Estimate the volume of cells and withdraw the supernatant liquid. 
4. Prepare a 2. 5 percent suspension of these cells in saline 
buffer solution. (Volume of RBC x 40 = total volume of suspension.) 
Shake gently to mix cells and buffer. 
5. Incubate in a water bath set at 37°C for 15 minutes. 
6. Centrifuge as before, estimate the volume of cells and withdraw 
the supernatant liquid. 
7. Make up to a 5 percent suspension of red cells in 0. 9 percent 
saline. (Volume of RBC x 20 = t.ot.al volume of suspension.) 
Shake t.o get a uniform suspension. 
8. Pipette 200 microlitcrs of RBC suspension into each of five small 
round bottom test tubes. 
Hemolysis 
1. To four of the tubes add 200 microliters of 2. 5 percent peroxide 
in phosphate buffer. Add peroxide solution all at once. To the 
fifth tube add 200 microliters of phsophate buffer as a control. 
2. Incubate the tubes in a water bath at 37°C for 3 hours with mild 
agitation at 15-minute intervals to keep the cells suspended. 
3. Add 3. 6 ml of saline buffer to the control and to three of the 
tubes to which the peroxide was added. To the fourth tube 
containing peroxide add 3. 6 ml distilled water. Mix the con-
tents of each tube by inversion . Centrifuge all tubes at full 
speed for 10 minutes. 
4. Read the supernat.ant liquid in the colorimeter at 540 m/f . 
Calculation: 
(peroxide + buffer ) - blank 
Percent hemolysis = ----------- x 100 
peroxide + water) - blank 
Precautions: 
1. Peroxide decomposition is affected by the age of the solution, 
the pH of the reaction, traces of heavy meta.ls, traces of 
cleaning solution on glassware. 
2. Adding a given amount of peroxide at different rates 
produces large variations ;n t.he percent hemolysis 
obtained. The rate of peroxide decomposition may be 
the most important variable in the method. 
3. Standardize the type and area of surface in Uie test tubes 
used. Standardize the micropipettes used for reagents 
and RBC suspension. 
4. Reduce heavy metal contamination to a minimum. 
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Appendix E 
Urinary Creatine:Creatinine 
Principal references: 
Method: 
Bauer et al. 1962. Br ay's Clinical Laboratory Methods. 
The C. V. Mosby Co. , St. Louis. 
Hawk ct al. 1954. Pr actic al Physiological Chemistry. 
The McGraw -Hill Book Company , New York. 
CreaUnine reacts with picric acid in alkaline solution 
to form a r ed tautomer of creatinine picrate. The 
amount of this compound formed is pr oportional to the 
concen tration of creatl nine present. Creatine , on being 
boiled with acid , is transformed into creaUnine . By 
determining the creatinine content before and aft.er 
trea tment with acid, the amount of creatine present can 
be obtained by difference . 
Solutions: 
1. Picric acid 1 percent 
2. Sodium hydr oxide 10 percent 
3. Standard creatinine solution 
a. Stock standard 1 mg crcatinine per 1 ml solution 
b. Working standards 
Dilute 5 ml stock standard to a total volume of 250 ml 
with distilled water . ·rhis contains 0. 02 mg creatinine 
per ml. Into 50 ml volumetric flasks measure 0 , 1, 2, 
4, 6, 9, 12, and 15 ml working standard. Dilute each 
flask to a total volume of approximately 30 ml with 
distilled water. Add to each flask 10 ml of 1 percent 
pic r ic acid and 0. 75 ml of 10 percent NaOH. 
Make up to volume with distilled water, mix, and 
incubate 15 m inutes at:!OOC. 'l'ransfer a portion 
of eac h to cuvettcs. 
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Procedure: 
Def.ermine percent transmi ttance of each standard 
at 520 ID ) {_, using flask Oas -reference. These stand-
ards are eq~tivalen~ to 20, 40 , 80 , 120, 240, and 300 
mg c-reatinine per 100 ml urine. 
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1. The sample is a filtered urine specimen . If acetone or glucose 
is present, the method is no~ applicable. 
2. "leasurc 0. 25 ml of urine into each of two 50-ml volumetric 
flasks . Add O. 25 ml wat.er to Oask 41 1. Measure O. 5 
ml of water int-0 a third 50-ml volumetric flask. 
3. Add 10 ml of 1 percent picric acid solution to flask 41 2, 
cover the mouth of the flask with foil and heat in an oven at 
115-1200c for 30 minutes. Cool to room ~mperature. 
4. Add 10 ml of 1 percent. picric acid solution to each of flasks 
it 1 and 3. 
5. To each of the three flasks add 0. 75 ml of 10 percent sodium 
hydroxide , make up to volume with distilled water , and mix. 
Let stand 15 minutes. 
6. Transfer a portion of the unknown soluUons and blank to cuvettes. 
Determine the percent t.ransmission at 520 m,,({ using water 
as a reference. Determine the density (corrected for picrat.e 
blank) for each sample and refer this value to the calibration table 
to obtain mg crcatinine per 100 ml urine. 
7. To determine the crcatine:creatinine ratio 
Total creatinine It 2 - creatinine ii 1 
creatinine 41 1 
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Appendix F 
Serum Alpha-Tocopherol 
Principal references: 
Herting and Drury. 1965 , American Journal of Clinical Nutrition 
17:351-356. 
Rao et al. 1965. ,Journal or I.he Science of Food and Agriculture 
16: 121- 124. 
Supple mentar y references : 
Method : 
Bieri. 1965 . l,'ederation Proceedings 25:622 (abstract). 
Bobbitt. 1963. Thin - layer Chromatography. Academic Press, 
New York . 
Kofler et al. 1962. Vitamins and Hormones 20:407 - 439. 
Pinter and Hassan . 1965. Federation P roceedings 25:622 {abstract). 
Quaife and Harris. 1944 . Journal of Biological Chemistry 156: 
499-505. 
Quaife et al. 1949. Journal of Biological Chemistry 180: 1229-1235. 
Randerath. 1964. Thin -1Hycr:· Chromatography. Reinhold Publishing 
Company , New York. 
Skinner and Parkhurst. 1964. Journal of Chromat.ography 13: 
69-73. 
The use of thin-layer chromatography allows the separ-
aration of alpha-tocopherol from the other tocophcrols and 
from the natural impurities without prior saponification of 
the plasma. The method utili zes the Emmerie -Engel reagents 
for the final -reaction. The color complex produced with ferric 
chloride-dipyridyl is sensitive and is used for quantitative 
determination of alpha-tocopherol after localization of the 
spot on the thin-layer plate under ultraviolet light and elution 
from fJie absorbent. 
Reagents and apparatus: 
1. Absolute ethanol , distilled from a Oask containing 
potassium hydroNide and potassium permanganate. 
2. Ferric chloride hexahydrate in absolute ethanol 0. 2 
percent. Keep solution in dark brown or red glass 
bottle fi tted with a glass or cork stopper . 
3. 2, 2'-bipyridine (alpha, alpha '- dipyridyl) in absolute ethanol 
0. 5 percent. 
4. Petroleum ether (Skellysolve B) redistilled (b p 61-62°C), 
5. Silica Gel G. 
6. Sodium fluorcscein solution O. 04 percent. 
7 . Developing solution: 
petroleum ethe r 125 
isopropyl ether 16 
acetone 6 
8. Developing tank with glass cover. 
ethyl ether 
acetic acid 
9, Ultraviole t lamp and dark viewing cabinet. 
Proc<..'<lure: 
Preparation of plates: 
1. 5 
1. 5 
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L Clean glass plates thoroughly with a cleansing agent and brush. 
2. Rinse well with distilled water and air dry. 
3. Prepare a slurry of 
Silica Gel G 26 gm 
sodium flu.orescein solution 66 ml 
4. Coat plates using spreader set at 0. 250 mm. Slurry 
is sufficient to coat five 20 x 20 cm plates or twenty 
5 x 50 cm plates . 
5. Let coated plates air-dry overnight before use . 
Developing tank : 
1. Line tank with nlter paper up to a level of 15 cm t.o assure 
saturation of the atmosphere . 
2. Add sufficient solvent mixture (about 100-150 ml) to give 
a layer in the bottom of the tank O. 5-1. 0 cm. 
Extraction of sample: 
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1. Place 250 mlcroliters of serum in a 7 x 70 mm test tube fitted 
with a cork. Add 250 microliters of absolute ethanol and mix 
by buzzing to precipitate tte protein and extract. the lipid. 
2. Add 500 microliters of Ske11ysolve Band buzz for at least 
1 minute . 
3. Let stand a few minutes, then centrifuge at 300 rpm for 10 
minutes . 
4. Carefully remove 300 mlcroliters of the supernatant to a 6 x 50 
mm test tube fitted with a cork. 
5. Using a stream of nitrogen, reduce volume to under 50 
micro liters. 
6. Streak entire sample on thin-layer plate, washing test rube con-
taining sa.mple twice with Skellysolve B. 
7. Use one 5 x 20 cm plate per sample, or one-fourth of a 20 x 20 
cm plate . Use a serum sample with added tocopherol as a 
marker on a plate. 
Separation of alpha-tocopherol: 
1. Streak sample on plate at a point about 2 cm from the bottom 
of the plate at right angles to the direction in which the plates 
were coated . Keep plate in nitrogen atmosphere during spotting. 
2. Place the sorum - tocopherol marker on a plat.e in the same 
manner . Add a small amount of Skellysolve B to one-
fourth of a plate as a blank. 
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3. Place the plates in the developing tank which has been saturat.ed 
with the developing solution. Place all the plates to be developed 
at the same time into the developing tank quickly and replace 
the cover immediately so that the composition of the alroosphere 
will not be altered. 
4. When the solvent front has reached a distance of 15 cm, 
remove the plates from the chamber. Ury under nitrogen . 
5. Visualize the alpha-tocopherol under ultraviolet light. Alpha-
tocopherol is violet on a Cluoresccnt ground. Mark area on 
plate containing desired sample. 
6. Scrape coaUng containing the spot into a flask containing 1 ml 
absolute ethanol. using a wide-necked funnel. Wash sides 
of funnel with 1 ml ethanol. Filter contents of flask through 
a sintered glass funnel Into a centrifuge tube fitted with a 
cork or glass stopper. Reduce volume to a total of 2 ml, 
using a stream of nitrogen. 
7. Hemovc a comparable area of coating from the blank plate 
and treat in the same manner. 
Colorimetric detcrmina.Uon of tocopherol: 
1. To the sample contained in 2 ml ethanol, add 2 ml 
dipyridyl solution. Mix. Stopper tighUy. (Samples 
may be held at this point . 
2. Add 0. 5 ml ferric. chloride solution . Mix well. Read in colori-
meter al. 520 m/ {. in exactly 2 minut.es. 
3. At the same lime run a blank taken from a spot on the thin -
layer plate within the solvent front . 
4. Standards of varying amounts of dl-alpha-tocopherol added 
to 250 microliters of water are run in the same manner to 
supply a standard curve fur estimation of the amount of 
alpha-tocopherol contained in the samples. 
Calculation: 
mg tocopherol 
per 100 ml : 
serum 
100 
ml plasma 
109 
t.o tal ml SSB mg tocopherol 
x x in aliquot 
aliquot SSB 
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Appendix G 
Serum Total Lipids 
Vri noipnJ reference: 
Method : 
Bragdon. 1950. Journ al of Biological Chemistry 190:513-5 17. 
This method of determination of the total lipids of blood is based 
on oxidation of a suit.able extract by a potassium dichromate-
sulfur ic acid reagent and the colorimetric determination of the 
reduced chrome ion. 
Reagents : 
1. Potassium dichromate 2 percent . 
Adel 20 gm powdered potassium dichromate ( C P ) slowly 
and with shaking to 1000 ml sulfuric acid (sp gr 1. 84) 
maintained at a l.emperature not exceeding lOO°C. There 
should be no undissolved residue. If U1e reagent is protected 
from contamination and from exposure to direct sunlight, 
it darkens only very slowly with age . This does not affect 
the colorimetry, however, as the reagent itself is used 
as the reference blank. 
2. Potassium chrome alum 
Dissolve 1:1. 5742 gm KCr(S04_)2 · 12 820 (C P) in 100 
ml sulfuric acid (sp gr 1. 84). Use only purp le crystals from 
a freshly opened bottle. 
Calibration and standards : 
In the oxidation reaction each molecule of K2Crz0 7 produces 1 
molecule of KzCr 2(S04)1. A calibration curve is obtained by 
mixing varying proportions of aqwmolar dichromate and potassium 
chrome alum solutions. Alum solution 0. 1 to 0. 6 ml and di-
chromate solution 1. 9 t.o 1. 4 ml are mixed, heated and diluted as 
outlined. The rlensities of the resulting miXtures are plotted 
agai nst the amou nt of dichromate that was replaced (0. 1 ml solu-
tion contains 2. O mg KzCr 20 7). 
A standard solution of oleic acid is prepared by dissolving 50 mg 
of the test substance in 100 ml chloroform. Aliquots containing 
rrom O. 1 to 0. 8 mg arc pipetted into 10-ml volumetric flasks, 
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and evaporation, oxidation, and colorimetry are performed as 
with the samples. Optical densities are plotted against the amount 
of Kl Cr 2 0 7 Lhat should theoretically have been reduced by 
the lipid if oxidation were complete. As color development is 
constant with different lots of reagl'nts, there is no need for 
standards once the colorimeter has been calibrated. Oxidation 
of the lipids has been found to be approximately 9 5 percent 
complete. 
Procedure: 
Extraction: 
1. Add 1. 6 ml chloroform-menthanol (2: 1) to 40 microliters 
serum in a small test 1,ube while the serum is kept in 
motion by means of the buzzer. 
2. Filter through fat-free glass wool (washed with alcohol/acetone/ 
chloroform) into a 10 ml erlenmeyer Qa.sk. Add 1. 6 ml 
fresh sol vent to the test tube. Heat the mixture to boJling 
in hot water, cool , and filter into the original filtrate. 
3. Add 0. 8 ml redistilled water to 1he lipid extract. Mix 
thoroughly. Allow to stand until two distinct layers become 
clear. Remove the uppe ·r , water, layer by suction. Add 
anhydrous sodium sulfate. Flush flask wHh nitrogen , stopper 
with a cork or glass stopper and hold sample overnight at 
-ff>C. 
4. Filter the chloroform-methanol extract through rat-free 
glass wool into a large test 1.ube to remove the sodium 
sulfate. If filtrate is unclear, add more sodium sulfate 
and refilter. Wash residue three limes wllh chloroform. 
Transfer filtrate quantitatively to a 10-ml volumetric flask. 
Oxidation: 
1. Evaporate the sol vent to dryness under nitrogen while the 
tube is held in a warm water bath (50-60 C). Add 2. 0 ml 
dichromate reagent rather promptly to minimize I.he 
opportunity for spontaneous oxidation and for loss of 
lipid by volatilization. Prepare a blank containing 2. 0 
ml dichromate reagent. Stopper the flasks, seal with a drop 
of reagent, and place in boiling water for 30 minutes. 
Heating up to 90 minutes gives identical results , provided 
the blank ls sl m ila rly treated. 
2, Cool the flasks in water and add 2. 0 ml redistilled water. 
Point mouth of Oask away from face . Mix by gently rotat-
ing lhe unstoppcred 11ask. Restopper the flas k, recool, 
and bring to final volume in a bath a t 250c. 
3. Read in spectrophotometer at 580 m,/{ against reference 
blank set at 100 percent transmission. The color is 
stable between 15 and 90 minutes after dilution; there-
after it fades slowly . 
Calculation: 
The optical density of the final mixtu re is converted into mg 
of dlcltromate reduced by multiplying the former by the 
slope of the calibration curve for lipids. In the case of 
plasma, the amount reduced per 100 ml is obtained by 
multiplying by t.he appropriate dilution factors. This value 
represents "total fat. " 
Calibration standards can be plott.ed so that mg oleic acid 
equivalents can be read directly, thereby eliminating a calcu-
lation process. 
Theoretical dichrom ate-1·edu cing powe1· of oleic acid 
17 , 71 mg dichromate per mg lipid 
Plot O O against amount of dichromate that should theoretically 
be reduced . 
O D x slopes of curve mg dichromate reduced 
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Appeodix II 
Unsaturation of the Serum Lipids 
(Determin ation of Iodine Value) 
113 
Principal reference: 
Method : 
Michaels et al. 1958 . Proceedings of the Society for Expe rimental 
Biology and Medicine 98:826 - 829. 
The colorimetric determination of the iodine value of fats 
enables the use of smaller amounts of material for ana lys is and 
increases sensitivity as well as acc ur acy of the technique. 
A known amount of pyridine sulfate dibromide is added to the 
lipid which has been dissolved in chloroform. As the fatty 
acids are saturated with bromine, the yellow color disappears. 
This extinction is measured colorimetrical ly. The iodine 
value of the lipid is determined by comparison with oleic 
acid treat.ed in the same manner. 
Reagents: 
1. Pyridine sulfate dibromide 0. 10 ~ 
a. Stock solution 
Measure 16. 5 ml (16 gm) of purWed pyridine and 10. 9 
(20 gm) of concentrated sulfuric acid into separate 
flasks each containing about 40 ml glacial acetic acid. 
Add these reagents slowly , wllh cooling, then combine. 
Into a third flask containing 40 ml glacial acetic acid, 
add 5 ml (16 gm) bromine. Add thJs to the first mixture 
and bring tile entire volume to 2000 ml with glacial acetic 
acid. Store in a dark bottle. This reagent. is good for one 
year. 
b. Working solution 
The working solution should be prepared daily by adding 
three parts (by volume) of ~acial acetic acid to one part 
of the stock solution. 
2. Chloroform (reagent grade) redistillcd 
3. Glacial acetic acid 
Procedure: 
1. Dissolve 40 microliters scrum in 2 . 5 ml chloroform. 
Duzz to mix. 
2 . Add 1. 5 ml working dibromide solution. Mix by buzzing. 
Filte r rapidly through fat-free glass wool into test t.ubes 
set in filte r rack placed in the dark cabinet. 
3. Cap tightly wHh parafilm and place in the dark. (Avoid 
contact of the solution with the parafilm.) 
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4. Al the same t.ime prepare standards and two blanks, one 
containing 2. 5 ml chloroform plus 1. 5 ml dibromide solution, 
and a second blank con ta ining 2. 5 ml chloroform and 1. 5 ml 
glacial acetic acid , 
5. Read after 30 minutes in:acolorimeter at 420 mp. Set to the 
zero mark with the chlo r oform -acetic acid blank. Then 
read the reagen l blank, standards , and the unknown. Do 
not expose the tubes to sunlight or to nuorescenl light. 
Calculation: 
Olcic acid in amounts ranb>ing from 0. 5 to 1. 5 mg is treated 
with reagent in the same manner . The standard curve thus prepared 
is used to calculate the mg olcic acid eqnivalents in the serum. 
From this the iodine value of the fat can be calcnlated, using 
89. 9 for the iodine value of oleic acid. 
If the quantity of fat nsed for the unsaturation determination 
is not known, an alJquot should be taken for total fat analysis. 
reading from curve as 
Iodine value 
of nnknown 
= 
mg oleic acid 
mg total fat. 
x 89.9 
Appendix I 
Table 14. Values at start of study 
Alpha- RBC 
toco Chol es- P:S hemol- Diet U:TL 
a Age pherol terol fat ratiob Subject ratio ysis 
mg% mg% % % 
MCRP 50 0.60 237 0.64 3 .0 6 36 .4 2.26 
l'<IB JKe 38 0.40 235 0.60 1. 30 49 .4 2.37 
MCAS 59 0.14 154 0.65 9.50 41. 6 2.10 
1"lE LV 50 0.36 171 0.36 5.90 30.1 3.14 
MC ES 43 0.17 174 0.32 0.73 37.3 1.91 
ME BW 34 0.73 152 0,29 1.10 32.2 3.17 
MC !JS 45 1.21 186 0.41 4.80 37.6 3.22 
ME TC 43 0.51 159 0.44 0.30 43.0 2.92 
MCDN 45 0.85 136 0. 44 7.01 37.1 2. 38 
ME JS 46 0.39 149 0.34 0.60 36.6 2.62 
ME JKa 33 0.37 211 0.38 4.80 43.9 3. 08 
MEWA 35 0.40 233 0.80 1.97 
MEKO 33 o. 61 166 0.42 5.40 40.9 2.15 
FCEW 59 0.31 297 0.53 l. 58 36.5 3. 05 
FE OP 49 0.10 255 0.46 0.60 42.4 2.42 
FC PS 53 0.48 224 0.33 4.60 39.9 3. 06 
FE JV 49 0.58 216 0.33 3. 00 32.5 2. 84 
FC PP 46 0.27 197 0.36 1.70 43.2 2.53 
FE LiM 47 0.46 178 0.48 0.60 40.4 3. 09 
FC KF 41 0 . 80 188 0.58 13. 33 36.8 2.34 
FE JB 42 0.97 162 0.47 0.93 39.8 1. 87 
FC AN 44 0,57 137 0.46 1. 60 38.5 4.00 
FEMC 43 0.45 159 0.43 0. 32 39.4 0.97 
FE LoM 36 0.31 210 1.42 6.10 35.5 1.69 
FEGS 47 0.92 169 0.45 1. 58 40. 7 2. 02 
F.E HB 46 0 . 92 169 0.95 0.29 38.6 2. 84 
').,i and F refer to male and femal e , respectively. C and E refer to control 
and experimental, respectively. 
bunsaturation: to t al lipid 
Table 15. Mean values for all dietary data obtained 
CaL 
Fatty acids Choles - Toco11herol as P:S E: 
Subjects CaL Prot . Fat CHO Sat. Oleic Poly. terol Total Alpha fat 1•atio PUFA 
gm gm gm gm gm grn mg mg mg % 
Paired subjects, 20 
Period a l952 86.9 84.2 21.4. 0 31. 7 34.7 12.9 587.6 19.l 8.5 38. 5 0.4 5 0. 65 
c a 1912 84.3 8l. 7 200. 3 31. 7 33. 9 12.3 604.8 19. 1 9.1 38.5 0.47 0. 64 
c c 2018 87.0 86.1 215.1 32.6 36.6 13.1 572.0 22.2 9.1 37. 7 0. 45 0.75 
E a 1992 89. 5 86.8 227.7 31. 8 35.5 13.4 570 . 5 19.2 7. 9 38.6 0.42 0. 66 
E c 2145 95 . 9 91. 4 233. 7 21. 8 39. 1 26.9 332.5 52.2 14. 0 38.0 1. 29 0.53 
M a 2171 99. 2 93 , 1 236.1 35. 6 38. 2 13. 9 648.8 18. 6 8, 1 38. 1 0.45 0.62 
F a 1733 74.6 75.4 191. 9 27.9 31. 2 11. 9 526.4 19. 7 8.9 38. 9 0. 44 0. 69 
Controls, 10 subjects 
MC a 2061 91. 6 87. a> 210.1 35.0 36.0 12.8 638 . 6 18.0 7.9 38, O 0.49 0. 60 
MC c 2210 96.3 94.8 229.0 36. 9 40. 2 13. 2 630. 4 21. 7 9.3 38. 0 0.40 0. 73 
FC a 1763 77.0 76.0 190. 5 28.4 31. 8 11. 7 570.9 20.2 10.2 39. 0 0.45 0. 68 
FC c L827 77.8 77.4 201. 2 28. 2 33. 1 13.0 513. 5 22.8 8. 8 37.4 0.50 0.78 
Experimentals, 10 subjects 
ME a 2280 106. 8 98. 7 262.2 36. 1 40.3 14.9 659. 1 19. 2 8.3 38.3 0. 41 0.64 
ME c 2556 117.0 109. 5 270.4 26.3 47 . 6 31. 9 368. 0 64.5 16. 6 38.3 1. 27 0.52 
FE a 1704 72.1 74.8 193.3 27.4 30.7 12. 0 48.1.. 9 19.2 7.5 38.9 0.43 0.69 
FE c 1735 74. 8 73.3 197.0 17.4 30. 5 21. 8 297. 1 39.8 11. 4 37.6 1.32 0.54 ..... ..... 
"' C = control; E = experimental; M = Male; F = Female. 
Table 16. Mean values for all biochemical data obtained 
Alpha- Cholesterol Total Unsatur- Iodine RBC Creatine: Unsat.: 
Subjects toco. Total Free lipid ation value hemol. creatinine total lipid 
mg% mg% % mg% mg% % 
Paired subjects, 20 
Period a 0.52 188 26.3 726 1837 235 3.13 0.14 2.61 
c a 0.54 193 27.6 678 1784 241 4. 79 0.18 2. 69 
c b 0 . 61 193 26. 8 737 2045 277 
-- --
3.08 
c c 0. 55 195 25.7 744 20'.15 260 10.58 0.24 2.89 
E a 0.50 184 24. 9 775 1889 229 1. 47 0.10 2.54 
E b 0.72 182 27.2 7.94 2080 261 -- -- 2. 91 
E c 0.71 185 26.0 725 2119 280 1.88 0. 12 3 . 11 
M a 0.54 175 26.2 767 1945 235 3. 43 0.11 2.61 
F a 0.50 201 26.3 685 1728 235 2. 83 0.17 2.62 
Controls, 10 subjects 
MC a 0. 59 177 26. 5 747 1750 213 5.02 0.08 2. 37 
MC b 0.62 184 26.0 753 2046 278 -- -- 3. 09 
MC c 0.50 184 24.8 739 2059 259 4. 09 0.21 2.88 
FC a 0. 49 209 28.7 609 1818 269 4. 56 0.27 3. 00 
FC b 0.60 202 27.7 721 2044 276 -- -- 3. 07 
FC c 0.61 206 26.5 750 2131 260 l7. 07 0.28 2. 89 
..... 
..... 
..:, 
Table 16. Mean values for all biochemical data obtained 
Alpha- Cholesterol Total Unsatur- Iodine RBC Creatine: Unsat.: 
Subjects toco. Total Free lipid ation value hemol. creatininc total lipid 
mg% mg% % mg% mg% % 
Experimentals, 10 subjects 
ME a 0.48 173 26.0 788 2140 256 1.84 0.13 2.84 
ME b 0.70 175 27.2 830 1995 242 -- -- 2. 69 
ME c 0.63 175 26.1 706 2193 298 1.55 0.12 3.31 
FE a 0.51 194 23.9 761 1638 201 1. 09 0.06 2.24 
FE b 0.73 190 27.2 759 2168 280 -- -- 3.12 
FE c 0.78 196 25.9 743 2046 262 2.21 0.11 2 . 91 
Experimcntals, 16 subjects 
ME a 0.47 185 26.0 867 2260 241 2.53 0.15 2.68 
ME b 0.69 183 27.5 861 2091 242 -- -- 2.70 
ME c 0.62 179 25.9 717 2183 290 1. 79 0.14 3.22 
FE a 0.59 190 24.8 781 1632 199 1. 68 0.10 2.22 
FE b 0. 69 182 26.4 765 1946 258 -- -- 2.87 
FE c 0.72 185 25.8 696 2112 295 2.96 0.20 3.28 
E a 0.53 187 25.4 824 1946 220 2.10 0.13 2.45 
E b o. 69 183 26.9 813 2019 250 -- -- 2.78 
E c 0.67 182 25.8 706 2148 292 2.37 0.16 3.25 
c control; E experime nta I; M male; F female ...... 
I-' 
"' 
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Table 17. Analyses of variance for all dietary and biochemical data 
Source of variation df Mean squa res F 
Calories 
Treatment 1 106910. 0 
Sex 1 2701920. 0 11. 74** 
Treatme .nt vs sex l 321120. 0 1. 39 
Error A 16 230108.1 
Time 1 168740. 0 2. 89 
Time vs treatment 1 5530.0 
Time vs sex 1 67390.0 1.15 
Time vs treatment vs sex 1 16250.0 
Error B 16 58323. 1 
Protein 
Treatment 1 490.7 1. l08 
Sex 1 7537.8 17.028** 
Treatment vs sex 1 1200.0 2. 71 
Error A 16 442.7 
Time 1 208.4 2. 068 
Time vs treatment 1 34.0 
Time vs sex 1 81. 5 
Time vs treatment vs sex 1 8.0 
Error B 16 100.8 
Fat 
Treatment 1 264. 7 
Sex 1 4930.6 9. 304** 
Treatment vs sex 1 609.2 1.149 
Error A 16 529.9 
Time 1 201. 2 
Time vs treatment 1 0. 1 
Time vs sex 1 208. 4 
Time vs treatment vs sex 1 :26('.4 
Error B 16 329.0 
Carbohydrate 
Treatment 1 5290. 0 l. 348 
Sex 1 22477. 1 5. 729* 
Treatment vs sex 1 5635.8 l.436 
Error A 16 3923.1 
Time 1 1075.4 2.35 
Time vs treatment 1 195.3 
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Table 17. Continued 
Source of variation elf Mean squares F 
Time vs sex 1 102.9 
Time vs treatment vs sex 1 8.3 
Error B 16 457.3 
.saturated fatt v acids 
Treatment 1 284.1 2.68 
Sex 1 683.9 6.457* 
Treatment vs sex 1 3.2 
Error A 16 105.9 
Time l 204.3 4.99* 
Time vs treatment 1 291. 6 7.128* 
Time vs sex 1 3.4 
Time vs treatment vs sex 1 2.1 
Error B 16 40.9 
Oleic acid 
Treatment 1 40. 4 
Sex l 908. 2 9. 79**' 
T1·eatment vs sex 1 148.2 1.598 
Error A 16 92.7 
Time 1 99.2 1. 746 
Time vs treatment l 1. 7 
Time vs sex l. 66,l 1.16 
Time vs treatment vs sex 1 13.2 
Error B 16 56.8 
Polyunsaturated fatty acids 
Treatment 1 555.0 22.94** 
Sex 1 126.0 5.208* 
Treatment vs sex 1 85.3 3.52 
Error A 16 24.2 
Time l 508. 4 25.62** 
Time vs treatment 1 396. 9 20.005** 
Time vs sex l 25.0 1.258 
Time vs treatment vs sex l 42.. 0 2.118 
Error B 16 19.8 
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Table 17. Continued 
Source of variation df Mean squa1·es F 
Dietary cholestero.L 
Treatment 1 187:!33.0 6.39* 
Sex 1 116964. 0 3.99 
Treatment vs sex 1 2532.0 
Error A 16 29283. 4 
Time 1 183277. 0 7.70* 
Time vs treatment 1 105186.0 4.419 
Time vs SOX 1 2039. 0 
Time vs treatment vs sex 1 15101. 0 
Error B 16 23801.1 
Total dietary tocopherol 
Treatment 1 2253.0 25.47** 
Sex 1 286.2 3.235 
Treatment vs sex 1 491. 4 5.55* 
Error A 16 88.5 
Time 1 3258.0 52.82** 
Time vs treatment 1 2229.0 36.139** 
Time vs sex 1 418.6 6. 78* 
Time vs treatment vs sex l 346.9 5.62* 
Error B 16 61. 7 
Dietary alpha-tocopherol 
Treatment 1 36. 3 3.36 
Sex 1 11. l 1. 03 
Troatment vs sex 1 38.6 3.578 
Error A 16 10. 8 
Time l 93. 9 8.09* 
Time vs treatment 1 93. 3 8.037* 
Time vs sex 1 32.6 2.805 
Time vs treatment vs sex 1 1.7 
Error B 16 11. 6 
Percent calories as fat 
Treatment 1 0.38 
Sex l 0.055 
Treatment vs sex 1 0.11 
Error A 16 12.5 
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Table 17. Continued 
Source of variation df l\lie an squares F 
Time 1 4.83 
Time vs treatment 1 0.11 
Time vs sex 1 5.40 
Time vs treatment vs sex 1 0.04 
Error B 16 16.82 
P: S ratios 
Treatment 1 1. 548 53. 3·6** 
Sex 1 0.012 
Treatment vs sex 1 0.0002 
Error A 16 0.029 
Time 1 1. 827 154. 56** 
Time vs treatment 1 1.984 167. 85** 
Time vs sex 1 0.016 1.38 
Time vs treatment vs sex 1 0. 009 
Error B 16 o. 012 
Vitamin E : PUF A ratios 
Treatment 1 0 .. 102 5.24* 
Sex 1 o. 024 1.23 
Treatment vs sex 1 0.002 
Error A 16 0.019 
Time 1 0.001 
Time vs treatmenf. 1 0.144 4.98* 
Time vs sex 1 0.003 
Time vs treatment vs sex 1 o. 000 
Error B 16 o. 029 
Serum alpha-tocopherol 
Treatment 1 o. 0778 
Sex 1 o. 0173 
Treatment vs sex 1 0. 0194 
Error A 16 0. 0849 
Time 2 0.1173 3. 09 
Time vs treatment 2 0.0539 1.42 
Time vs sex 2 0.0366 
Time vs trmtment vs sex 2 0.0047 
Error B 32 0.0379 
Table 17. Continued 
Source of variation df 
Total serum cholesterol 
Treatment 1 
Sex 1 
Treatment vs sex 1 
Error A 16 
Time 2 
Time vs treatment 2 
Time vs sex 2 
Time vs treatment vs sex 2 
Error B 32 
J,ree serum cholesterol 
Treatment 1 
Sex 1 
Treatment vs sex 1 
.Error A 16 
Time 2 
Time vs treatment 2 
Time vs sex 2 
Time vs treatment vs sex 2 
Error B 32 
Total serum lipid 
Treatment 1 
Sex 1 
Treatment vs sex 1 
Errol· A 16 
Time 2 
Time vs treatment 2 
Time vs sex 2 
Time vs treatment vs sex 2 
Error B 
Treatment 
Sex 
Treatment vs sex 
32 
Unsaturation of serum lipids 
1 
1 
1 
Mean squares 
1480. l 
6826. 7 
77.1 
4190. 1 
36.3 
1.9 
110.5 
33.1 
260.6 
6.27 
4.37 
25. 09 
14.45 
7.03 
15.35 
0.85 
2. 50 
1. 89 
30061. 0 
20130. 0 
3985. 0 
27828.7 
8604.0 
17544.0 
14729.5 
7036.5 
17226. 7 
44890. 0 
47220.0 
155940. 0 
123 
F 
1.629 
1.736 
3.72* 
8.13** 
1. 325 
1. 08 
1. 018 
124 
Table 17. Continued 
Source of variation df Mean square F 
Error A 16 160664.4 
Time 2 421300.0 3.47* 
Time vs treatment 2 9685.0 
Time vs sex 2 116960. 0 
Time vs treatment vs sex 2 174880.0 1.44 
Error B 32 121216.3 
Iodine va luc 
Treatment 1 120. 4 
Sex l 2.7 
Treatment vs sex 1 4878.3 2.108 
Error A 16 2317.7 
Time 2 7925. 7 2 . 537 
Time vs treatment 2 1965. 7 
Time vs sex 2 1575.5 
Time vs treatment vs sex 2 6975. 5 2.23 
Error B 32 3123.4 
Erythrocyte hemolysis 
Treatment 1 241.2 3.61 
Sex 1 64.4 
Treatment vs sex 1 66.4 
Error A 16 66.7 
Time 2 194. 0 3.466* 
Time vs treatment 2 96.5 1. 71 
Time vs sex 2 85. 0 1. 51 
Time vs h:eatment vs sex 2 61.9 1. 099 
Error B 32 56.3 
Urinary creatine : crcatinlne ratios 
Treatment 1 0.0707 3.848 
Sex l o. 0123 
Treatment vs sex 1 0.0470 2.559 
Error A 16 0.0184 
Time 2 0.1769 5.18* 
Time vs treatment 2 o. 0206 
Time vs sex 2 0.0044 
Time vs treatment vs sex 2 0. 0219 
Error B 32 0.0341 
Table 17. Continued 
Source of variation df 
Unsaturation : total lipid 
Treatment 1 
Sex 1 
Treatment vs sex 1 
Error A 16 
Time 2 
Time vs treatment 2 
Time vs sex 2 
Time vs treatment vs sex 2 
Error B 
F = 4.4"9 df 1, 16; 
** F = 8. 53df 1, 16; 
32 
F = 3.30 df 2,32 
F= 5.34 df 2,32 
Mean squares 
0.0144 
0.0007 
F 
0.5980 2.15 
0.2775 
0.9844 2.57 
0.2429 
0.2030 
0.8738 2.28 
0.3828 
125 
Table 18. Dietal 'Y mean values for all subjects 
Cal. 
Fatt;y acids Chol es- TOCOQher ol a.s P : S E: 
Subjects Cal. Prot. Fat CHO Sat. Oleic Poly . terol Total Alpha fat ratio PUFA 
grn gm gm gm gm gm mg mg mg % 
ME JKe a 2605 100.3 14:i. !l 294.2 43.9 57.3 27 . 1 1218. 3 19, 3 9.1 49 . 4 0.60 o. 4 5 
ME JKe c 2724 125.6 120. 5 279. 1 27.2 51. 4 37. 0 425 . 9 80. 1 25. 7 39. 9 1..40 0. 69 
ME LV a 1895 100.5 62. 7 255. 4 24. 4 26.4 8. 5 499.4 16. 6 5. 7 30. 1 0. 36 0.68 
ME LV c 2708 108.8 117. 7 296.3 29.8 53.3 31. 9 314.7 68. 7 16. 1 38. 9 1. 09 0.52 
ME BW a 1797 74.3 64.3 230. 7 24.4 29.4 6.1 299.4 10.7 4 .0 32. 2 0.2 9 0. 66 
l'lrE BW c 2346 100.5 108.2 242. 6 26 . () 48.3 31. 8 339. 2 66.6 15. 0 39. 7 L. 20 0.47 
ME TC a 2006 118. 7 96.5 178. 2 36.4 38. 3 15.3 528. 9 23.9 8. 9 4:i. 0 0.44 0.59 
ME TC c 2199 120. 3 !J4. 0 213. 7 21. 6 37. l 31.0 304. 0 52.2 11. 3 38.5 l. 53 0.37 
ME JS a 3098 140.2 125.9 352. 3 51 . 5 50.2 L7. 3 749. 3 25 . 4 13.8 36.6 0.34 0.80 
1'11.E JS c 2803 121). 6 106.9 320.4 27 . 0 47. !) 27. 9 456. l 55.0 15. 1 34.7 l. 12 0.56 
ME a 2280 106. 8 98 . 7 262.2 36.1 40.3 14. 9 659 . 1 19.2 8.3 38. 3 0. 41 0.64 
ME c 2556 117. 0 109. 5 270.4 26. 3 47.6 31. 9 368.0 64.5 16. 6 38.3 1. 27 0.52 
.FE OP a 2349 89. 3 111. 6 266.0 40 .2 46.7 18. 9 678.3 27.6 9 . 4 42. 4 0.46 0.51 
FE OP c 1909 70.9 75. 9 235.3 18. 1 31. 7 21. 9 208. 6 39.2 12.5 35. 9 L. 24 0,58 
FEJV a 1405 75.9 51. 3 160. :i 19. 6 22.6 6.3 511. 6 20. 3 6.3 32. 5 0. 33 1. 01 
FE JV c 2017 71.4 93.2 22:1. 6 23.2 40. 6 25.8 304. l 49.3 10. 7 41. 7 1.14 0.43 
FE LIM a 1381 48. 7 62.4. 166.4 23.8 22.0 11. 7 316. 6 12.8 7. 5 40. 4 0.48 0.68 
FE LilVJ c 1291 59. 0 52. 1 l53.6 13. 1 20.5 15. 3 278. 3 28. l 8.5 35 .. 8 1. 32 0. 58 
FEJB a 1409 55.7 '62. 3 16 l. 5 22. 2 23.2 10. l 446 . 7 17. 5 7.6 39. 8 0.47 o. 72 
FE JB c 1495 64.9 60.7 175.9 14. 2 25.8 18.2 343.5 34.1 9 , 9 36.2 l. 35 0. 52 
FE MC a Hl74 91. 1 86. 6 212. 4 31. 2 38. 8 13. l 456.l l? . 7 6.7 39. 4 0.43 0.52 
FEMC c 1961 104.8 84. 4 196. 4 18. 2 33.9 27 . 9 350.8 48. 3 15.4 38. 6 1. 54 0. fiO 
-
FE !t 1704 72.1 74.8 Hl3. 3 27. 4 30.7 12.0 481. 9 19. 2 7.5 38. 9 o.4a 0.69 
"-
"" 
FE c 1735 74.8 73.3 197.0 17.4 30. 5 21. 8 297. 1 39.8 11.4 :17.6 1. 32 0.54 
Table 18. Continued 
Cal. 
Fatty acids Choles- To coehe1·ol as P:S E: 
Subjects Cal. Prot. Fat CHO Sat. Oleic Poly. terol Total Alpha fat ratio PUFA 
gm gm gm gm gm gm mg mg mg % 
MCRP a 1407 70.6 57 . 2 137 .6 20.2 23. 7 12.7 546.0 12.8 6.7 36.4 0.64 0.40 
MCRP c 1669 92.2 66.1 133.2 23. 5 26.9 13.3 767. 6 13.6 7. 4 34.9 0.51 0. 58 
MCAS a 1935 87.2 90. 4 184.6 33.2 38.9 15.9 607. 1 31. 7 13. 5 41.6 0.65 0. 85 
MCAS c 1698 75.3 73.0 184.1 28.1 32.4 9.1 470.6 19. 8 6.9 38.4 0.33 0.73 
MCES a 2193 97 ,4 87. 4 · 221. 7 32.7 41.9 9.6 845 .9 18.0 7.3 37.3 0.32 0.75 
MCES c 2298 92.2 98.5 258.3 30.9 47,8 15.7 563. 7 28.9 11.2 38 .2 0.51 0.78 
MCDS a 2628 117, 7 111. 8 268.3 51. 9 43.7 9 . 4 569.4 12.2 5.3 37.6 0.41 0.59 
MCDS c 2556 112.1 115. 6 260.3 51.5 44.9 13.0 588.0 18. 2 9.1 40. 3 0.30 0 . 78 
MCDN a 2144 85.0 90. 5 238.3 37.1 31.9 16.6 624.6 15.2 6.7 37.1 0.44 0.43 
MCDN c 2827 109.5 120. 6 309.1 50.7 48.9 14.9 761.9 27.9 11.9 38.2 0.31 0.78 
MC a 2061 91.6 87.5 210.1 35.0 36.0 12.8 638.6 18.0 7.9 38.0 0.49 0.60 
MC c 2210 96.3 94.8 2.29. 0 36.9 40.2 13.2 630.4 21. 7 9,3 38.0 0.40 0.73 
FCEW a 1707 87.3 69. 7 173.7 22.3 33.4 11.9 747.6 29.0 8.6 36.5 0,53 0.55 
FCEW c 1957 92.4 95.0 174.7 27.7 41.8 22.7 508.1 46.2 14.9 43.6 0.84 0.66 
FC PS a 1773 61. 0 75.7 201.9 31. 6 2.9.2 10.7 485.8 17.8 10.7 39.9 0.33 0.89 
FC PS c 1923 75.8 82.3 231.4 35.8 32.9 10,6 569.3 16.3 7.5 37.2 0.35 0.81 
FC PP a 1712 68.3 82.7 176.3 33.1 31.2 10. 7 689. 0 14.6 6.3 43 .2 0.36 0.55 
FCPP c 1706 69. 2. 69. 3 181.3 26.6 30.5 10. 2 493.3 12. 5 4.9 36.2 0.40 0.65 
FCKF a 1760 85.7 72.5 199.9 23.4 32.2 12.2 317.7 15.9 13. 3 36.8 0.58 0.52 
FC KF c 1760 76.4 71. 0 2.06. 6 23.8 29 .8 11. 8 435.3 21. 9 10.0 35.9 0.49 1. 08 
FCAN a 1861 82.9 79. 4 2.00. 9 31. 4 32.8 13.2 614.6 23.8 12.1 38.5 0.46 0.90 .... 
FCAN c 1790 75.2 69.5 2.12.1 27.1 30.4 9.9 561. 7 16.9 6.8 34.0 0.44 0.68 "" ..... 
FC a 1763 77.0 76.0 190.5 28.4 31.8 11.7 570.9 20.2 10.2 39.0 0.45 0.68 
FC c 1827 77.8 78.l 201. 2. 28.4 33.2 13.2 613.5 22.8 8.8 37.4 0,50 0.78 
Table 19. Biochemical mean values for all subjects 
Alpha- Cholesterol Total Unsatur- Iodine RBC Crea tine: Unsat . : 
Subjects . toco . Total Free lipid ation value hemol. creatinine total lipid 
mg% mg% % mg% mg% % 
MCRP a 0.60 237 29.5 885 2000 203 3.06 0.33 2.26 
MCRP b 0.49 217 26.4 756 1675 210 -- -- 2.34 
MCRP c o. 45 210 23.3 899 2044 203 1.97 0 2.26 
MCAS a 0.14 154 26.4 844 1763 189 9.50 0 2.10 
MCAS b 0.53 149 26. 7 651 2430 394 -- -- 4.38 
MCAS c 0 . 45 167 24.0 738 2081 250 1.92 o. 06 2.78 
MCES a 0.17 174 25.7 764 1500 172 0.73 0 1.91 
MCES b 0.36 176 24.7 958 1840 187 -- -- 2.08 
MCES c 0.40 174 24.3 633 1933 288 2. 87 0.76 3.20 
MC OS a 1.21 3 186 26.l 698a 2250 3 289 3 4.80 0.02 3.22 3 
MCDS b 0.93 214 25.2 704 2190 285 -- -- 3.17 
MCDS c 0.51 214 24.3 786 2283 269 1. 22 0.01 2.99 
MCDN a 0.85 136 24.9 542 1238 214 7. 01 0.07 2.38 
MCDN b 0.77 164 26.8 696 2095 312 -- -- 3:47 
MCDN c 0.67 156 28.3 639 1956 286 12. 46 0.22 3.18 
MC a 0.59 - 177 26.5 747 1750 213 5. 02 0.08 2.37 
MC b 0.62 184 26. 0 753 2046 278 -- -- 3. 09 
MC c o. 50 ,. 184 24.8 739 2059 259 4. 09 0. 21 2.88 
FCEW a 0.31 297 35.5 501 1525 274 1.58 0.10 3.05 
b 284 33. 9 820 2220 266 2.96 
.... 
FCEW 0.62 -- -- "' 00 
FCEW c 0.81 302 32.2 832 2444 272 l. 71 0.21 3.03 
Table 19. Continued 
Alpha- Cholesterol Total Unsatur- Iodine RBC Creatine: Unsat.: 
Subjects toco. Total Free lipid ation value hemol. creatini.ne total lipid 
mg% mg% % mg% mg% % 
FC PS a 0.48 224 30. 2 780 2388 275 4.60 0. 07 3. 06 
FCPS b 0.46 225 29.3 804 2385 284 -- -- 3,16 
FC PS c 0.28 229 26.5 787 2169 251 61. 01 0.28 2. 79 
FC PP a 0.27 197 23,2 724 1800 227 1. 70 0.95 2.53 
FCPP b 0.55 168 25.6 757 1825 246 -- -- 2.74 
FC PP c 0.70 159 24.1 719 1763 219 1.29 0.08 2.43 
FCKF a 0.80 188 25.2 514 1288 210 13. 33 0.19 2.34 
FCKF b 0.48 190 24.3 601 2240 341 -- -- 3.80 
FC KF c 0.57 189 24.0 745 2450 301 l'Z. 16 0.25 3.35 
FC AN a 0.57 137 29,4 527 2088 360 1.60 o. 05 4.00 
FC AN b 0.91 142 25.2 623 1550 244 -- -- 2.71 
FC AN c 0.69 151 25.5 665 1831 258 4.20 0.56 2. 87 
FC a 0.49 209 28. 7 609 1818 269 4.56 0.27 3.00 
FC b 0.60 202 27.7 721 2044 276 -- -- 3. 07 
FC c 0.61 206 26.5 750 2131 260 17. 07 0.28 2. 89 
ME J".t(e a 0.40 235 25.2 898 2088 213 1. 30 o. 07 2.37 
ME JKe b 0.95 192 25.7 741 1973 246 -- -- 2.73 
ME JKe c 0. 89 203 24.9 859 2044 249 1.38 0. 09 2. 77 
ME LV a 0.36 171 26. 0 793 2338 283 5.90 0.10 3.14 
ME LV b 0.57 173 28.1 693 1930 253 -- -- 2.81 
ME LV c 0.49 165 27.4 675 2394 320 5.00 0.23 3.56 
ME BW a 0.73 152 23.4 811 2413 285 1.10 0.06 3.17 ,.... .,, 
MEBW b 0. 49 194 24.6 1143 2085 206 -- -- 2.29 '°' 
ME BW c 0.66 173 25.8 652 2156 324 0.81 0 3.61 
Table 19. Continued 
Alpha- Cholesterol Total Unsatur- Iodine RBC Creatine: Unsat.: 
Subjects toco. Total Free lipid ation value hemol. creatinine total lipid 
mg% mg% % mg% mg% % 
METC a 0.51 159 25.8 474 1363 263 0.30 0.04 2.92 
ME TC b 0.78 139 29.2 720 2210 316 -- -- 3.52 
METC c 0.55 156 25.l 588 2063 317 0.17 0.13 3.53 
ME JS a 0.39 149 29. 4 964 2500 235 0.60 0.40 2.62 
ME JS b 0,72 175 28.4 851 1765 191 -- -- 2.12 
ME JS c 0.58 177 27.3 758 2306 278 0.38 0.16 3.09 
ME a 0.48 173 26.0 788 2140 256 1. 84 0.13 2.84 
ME b o. 70 175 27.2 830 1993 242 -- -- 2.69 
ME c 0.63 176 26,l 706 2193 298 1. 55 0.12 3.31 
FE OP a 0.10 255 24.9 989 2375 216 0.60 0.12 2.42 
FE OP b 0.63 194 26.9 727 2375 330 -- -- 3.67 
FEOP c 0.65 204 26.l 734 1575 198 4.07 0.08 2.20 
FEJV a 0.58 216 23.4 752 2113 256 3.00 0 2.84 
FEJV b 0.60 219 27.4 1047 2090 181 -- -- 2. 01 
FEJV c 0.81 226 25.1 739 21138 311 1. 86 0 3.46 
FE LiM a 0.46 178 24.5 594 1825 278 0.60 0,15 3. 09 
FE LiM b 0.64 215 2a o 825 2500 282 -- -- 3.14 
FE LiM c 1.10 215 27.l 932 2325 220 1.36 0.02 2.45 
FE JB a 0.97 162 23.4 530 1063 169 0.93 0 1. 87 
FE JB b 1.06 150 25.8 544 2145 365 -- -- 3.97 .... 
FE JB c 0.71 151 23.1 676 1846 266 3.02 0.25 2,95 "' 0 
FEMC a 0.45 3 159 23.4 942 813 87 0.32 0. 05 0.97 
Table 19. Continued 
Alpha- Cholesterol Total Unsatur- Iodine RBC Creatine: Unsat.: 
Subjects toco. Total Free lipid ation value hemol. creatinine total lipid 
-
mg% mg% % mg% mg% % 
FEMC b 0.74 172 27.8 651 1730 242 -- -- 2.83 
FEMC c 0,62 183 28.1 633 2044 314 0.72 0.20 3. 49 
FE a 0.51 194 23.9 761 1638 201 1. 09 0.06 2.24 
FE b 0.73 190 27.2 759 2168 280 -- -- 3.12 
FE c 0.78 196 25.9 743 2046 262 2.21 0.11 2. 91 
ME JKa a 0.37 211 26.0 898 305()!' 277' 4.80 0 3. o8a 
ME JKa b 0.72 232 26.2 935 2735 280 -- -- 3.15 
ME JKa c 0.42 203 25.8 908 1844 175 1. 38 0.06 1.94 
MEWA a 0.40 233 26.1 882 1700 177 0.80 0.20 1.97 
MEWA b 0.62 207 28.9 1056 2220 211 -- -- 2. 35 
MEWA c 0.74 204 23.8 719 2425 305 0.51 0 3. 39 
ME KO a 0.61 166 26.2 1212 2625 193 5.40 0 2.15 
ME KO b 0.63 153 28.5 751 1810 232 -- -- 2.59 
MEKO c 0.64 149 27.4 573 2231 349 4.67 0.16 3.88 
FE LoM a 0.31 210~ 24.8 11115: 2338 152 : 6.10 0.12 1.69 
FE LoM b D.43 184 24.0 978 1765 175 -- -- 1.94 
FE LoM c 0.62 177 24.3 745 2381 301 10. 49 0.13 3.35 
FE GS a 0.92 169 24.2 528 1088 182 1.58 0 2. 02 
FE GS b 0.76 174 25.8 813 1440 177 -- -- 1.97 
FE GS c 0.60 172 24.9 590 2038 351 1.57 0.55 3.90 
FE HB 0.92 169 29.9 497 1438 255 0,29 0.07 2.84 
,... 
a "" 
536 308 3.42 
~ 
FE HB b 0.67 148 25.7 1525 -- --
FEHB c 0.65 151 27.3 521 2250 395 0.57 0.16 4.40 
M male; F female; c control; E experimental 
3 average based on one sample. 

